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PREFACE 


SiiuH" the publication of his previous work, 
Reinforced ('oucrett^ C'onstruction in two \a)I- 
uni(‘s, the autlior has nuule an extcMisive stud\' of 
this class of work in the Unittxl Stat(^s and ('anada, 
and has l)e<ai responsihk^ for tla^ d(^sij;>;n and ('on- 
struction of a number of civil tai^t>;iiuH-"rin^ii; and 
archittH:tural striu'tures in those countru^s, (^onse- 
ciU(MitI\' tlu' prescMit work einbodu^s th(^ rc^sults of 
this (‘xpc^rience as W(dl as that pr(^viousl\' u;uiiuxl in 
Kn^»land, d'h(^ work is written to <'onipl\' as far as 
possibI(‘ with vXmerK'an, (‘anarhan and IJritisJi 
('oiiditions and prac'tice, and to a,t2;r(H" witli tli<" rc^coni- 
nicMidations of tlu‘ rc^ports of th(^ Royal Institiit(" of 
British Ar<'hitc‘('ts, the ICnj>'ine(M'ini^ Institute of 
('anada, and tlu^ AnHM*i<'an Joint (onnnittee on 
('oiu'rc'te and Rcunfonx^d ( 'oncretev 

Aftc^r ('ar(d*ul ('onsideratiou of tlu^ symbols us("d 
by various aut horiti(‘S, tlu^ author lins adopted tln^ 
same syst,em as usi^d in his pre^vious works, this 
b<dn<^ ('onsidi'red tli<" most suitabk^ for the subject, 
and the (‘usiest to follow, as in most ('asc-s t lu^ symbol 
is tlu" initial k^ttt'r of the woivl it ri"pr(^scMits. 

'The author havin^i^ many years t(sa<'hinji; t^x]>eri- 
<^n<x^ in tci'hnic'al institutions is wi^ll a(a|uaint(xl with 
th(^ <liffic'ulties atttMulinjj^ the ust^ of aljy<d)rai<'al 
formulas by buildin|i^ construction stucUmts, and 
others, who while having practical C‘X])erieiu'.c have 
only an ehanentary knowl(xlg<^ of matlnutuitics and 
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iiK^chanics, aiul has tluTt^fori' t‘xp!ain<‘(l tlu‘ ot 
all formulas in as simph^ pra<^ti('al pos^ihli^ 

with a view to makinic th<‘ work \ aloahle a'^ a t‘olI<*a<‘ 
text-book, as wt^ll as a n^h^r^MU'e book tor 

arcliitects (aT,t>'in(Ha‘s and otlna's directlx a‘^'^( »eiat ed 
with the desij^'ii an<l ('oust rind ioa of win'k-s in 
reinfcwct^d eoncret<a 

The work is cli\’i<U‘d into two jiarts. Tart 1. 
contains a dc^si'ription of rc^infor<'<^d (‘omaade, tin* 
j^urposes for which it is suitial, th(‘ (aiuses of failina^'-^ 
and how’ to a\’oid tluan, tlu^ s<d<Hditm and pn^ptad 
of tJie coinpoucait mat (adals, t lu^ [)rin('ipl(‘s of d<*sio‘n , 
j^eneral information a.nd data for dt^^ianin):*’ an<l 
construction , (\\amplt\s of ch^si^'nine: all kinds of 
beams, floors and columns. Part 11. <‘<mtains 
more adxainced (examples of tht^ work iticludrd in 
Part I., and in addition man\' fullx* wc>rke<! ottf 
and illustrat(^d exampIc^s of all tN'p<‘"^ of st nnd un*s, 
includinii^ those subJ(Hd. to W'at(‘r, (%arth. ,arain, ami 
wind pressun^s. 
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PRACTICAL DESIGNING IN 
REINFORCED CONCRETE 


R<‘iiif()r{'(*fl coiicTfte is u combiniition of Portland 
( ■(‘iiK'nt, C'oncn'tt' and Stct'l, two of the most important 
mati-rials usi'cl for buildin_sf construction, whicJi, if used 
sc|)arat<‘l\', hav<‘ each their advantages and disadvan- 
tafi:es ; ii' condiined, of th<' riijht (|nality and properly 
proportioned, tlu' resulting matiunal will have the 
advantages of both anri the fhsad vantages of neither. 

Concrete. Concrete hus great strength in compression, 
its erusbing resistanei' wlum a month old htang ajiproxi- 
mately 2,500 II). per scpiare inch. It is (‘xtremely 
<lural)le in water or air, In-ing practically (‘verlasting, and 
its strength increasi's witli age, but it is of little value for 
us(“ where tensional resistance is recjuired, as it is unable 
to ri'sist mor<‘ than alxiut 200 Ib. per sciuaix) inch ; it is 
a good mati'rial to ri'sist heat, l)ut is not ductile, owing 
to the lael< of this property and to its tinisional weak- 
ness it cannot resist the slightest contraction, which 
will take placi' under \ ariatioii.s of temperature, without 
devidojiing cracks. K.xpansion and contraction is sure 
to take place in this as in all otlK'r materials, although to 
a less exttait than in most otluTs. 'riiese crac;ks entirely 
destroj'' the slight tensional resistance the conci'cte might 
otherwise offer ; consequently, concrete alone can be used 
only for such structures or parts of structures that can 
be designed to act in comxjression, and this, in many 
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cases, necessitates a very large mass of concrete, result- 
ing in a much greater weight and demand on space 
than is desirable. As an example of this, take a re- 
taining wall about 20 feet high. If built of plain 
concrete it would be about 9 feet thick at the base. This 
great tliickiu;ss is necessary to prevent tension taking 
place on one side of the wall. If built of reinforced 
concrete' the thickness at the base would be from 9 to 
inches, according to the design adopted. Therefore, 
an obvious disadvantage of ]>lain concrete is its great 
mass and consequent weight and demand on space. 
Further advantages are its adaptability to various 
architectural and structural forms ; its low cost of main- 
tenance, and its resistance to clectroljdic action. 'J'he 
latter, until recently, was considered doubtful, but 
a<'cording to an extensive series of very careful experi- 
im'uts continued over a period of several months, which 
v\'ere described in a paper read at a meeting of tin,' 
American Institute of Electrical Engineers, the strength 
ot concrete is not affected by electrolytic action, failures 
in reinforct'd concrete reported to be due to this action 
wer(' found to b(' entirely due to the forces produced by 
increa.s(' of volume when the iron was changed into iron 
oxide, and not by any direct action of electric current 
upon the concix'te. A summary of th(^ tests was given 
its follows ■ 

(a) 'I'he com])ressiv(; strength ()f frc'sh water cement 
('ulx's was not affected by an av('rage current density of 
1-2 milliampcres per scjuare ijxch, ajjplied for several 
days. 

(b) 'J'h(‘ compressive strcaigth of fresh water concrete 
cube's was not affected by an average curnnit density 
of 1 milliaitiperes per sciuare inch aj^pliecl for 22r) days. 

(c) 'I'he com])ressivc strength of salt water cement 
culxis wa.s not affected by an average current densitj' 
of 10-2 milliampcres per square inch applied for 1 1 3 days . 

(d) 'I'lie compressive strength of salt water concrete 
cubes was not affected by an average current density 
of 13-8 milliampcres per square inch applied for 1 10 days. 

This, together with similar results of other authorita- 
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tive tests, may be considered conclusive evidence that 
Portland cement concrete is suitable for use in a locality 
subject to stray electric currents. 

Steel. — In steel we have a material of great strength 
m both compression and tension, its ultimate resistance 
being as much as from 60,000 lb. to 100,000 lb. per 



PjG. 1 . — Furnituhe Storage Warehouse op Reinporckd Concrete 
Hollywood, California. 

Morgan, Walls and Clements, Architects, Los Angelos. 

An example illustrating the suitability of this class of construction for 
all warehouse buildings. 
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square inch ; but its strength diminishes with age, 
which is chiefly due to oxidation that takes place on 
exposure to moisture or to atmospheric influence. Such 
oxidation is very detrimental to its strength, even a 
twentieth of an inch of rust on a | inch plate or bar will 
diminish its strength by 13 per cent. 

Another disadvantage of st'eel is its excessive expan- 
sion and loss of strength under a high temperature. It 
gains in strength with increase of heat up to about 500 
degrees F. ; beyond this it rapidly diminishes in strength. 
With a rise of temperature from the normal up to 500 
degrees F. a beam 28 feet long will expand one inch. At 
1,000 degrees it will expand 2 inches or 1 inch in 14 feet. 
In ordinary house fires the temperature seldom exceeds 
1 ,000 degrees, but in large buildings it is known to have 
exceeded 2,500 degrees. Under these conditions the 
resistance offered by the load and the fixed ends of 
beams columns and other parts of steel frame struc- 
tures, prevents longitudinal expansion, and thus causes 
an increase of stress far beyond what the material is 
capable of resisting, especially in its weakened condi- 
tion, the beam or column therefore buckles and causes 
collapse of the structure. 

L Further disadvantages of steel structures are the high 
cost of maintenance and the fragile appearance, the 
latter, especially with exposed frame structures, suggest 
weakness rather than strength. ' 

CONCRETE AND STEEL COMBINED. 

In concrete and steel combined we have the great 
strength, toughness , and rigidity of the steel; the great 
durability and fire resistance of concrete; the appear- 
ance of stability and strength ; no loss of strength with 
age ; saving of cost in construction ; illimination of 
maintenance costs ; lower insurance rates on the build- 
ing, and its contents ; a material adaptable to all forms 
of architectural and structural work, and one suitable 
for structures above ground, below ground or under 
water, ifor the construction of workmen's cottages to 
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millionaires’ mansions, for business premises, hotels, 
churches, theatres, public buildings, factories, reser- 
voirs, water mains and conduits, sewers, tunnels, 
grain elevators, roads, bridges, sea defence works, monu- 
mental works and numerous pther purposes. It is a 



Fig. 2.— Detroit Towers Apartments, Detroit, Mich., U.S.A. 

^ reinforced concrete building, an example illustrating the 

suitability of this class of construction for tall residential buildings. 
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method of construction which is fast superseding that 
of wood, brick, stone and steel, and is far superior to 
any of these in resisting water, fire, earthquakes and 
atmospheric influence. 

Earthquake Resistance. — Evidence of the superior 
earthquake resistance of reinforced concrete was seen 
in Japan after the severe earthquake on September 1, 
1923. It was reported by the Tokyo Building Depart- 
ment that of a total of 592 reinforced concrete buildings 
in the city of Tokyo, 8 collapsed, 1 1 partially collapsed, 
42 suffered severe but reparable damage, 60 suffered 
small damage, and 462 were not damaged at all. 



Fig. 3. — Mitsui Building, Tokyo, Japan. 

A reinlorced concrete structure -110 feet high, gutted by fire but unin- 
jured by the earthquake. A well designed structure ; the stairways and 
elevator structures are stiffened by an adequate amount of reinforced 
concrotrC 

The (I6bris in the foreground is from an adjoining brick building. The 
chimney stack on the left is of reinforced concrete it was not damaged by 
the earthquake. 
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Fig. 4. — Reinforced Concrictis Wareiioitsk at I Ik; \siiik vnac.aw 

Japan. 

Dam 1,^0 due Lo foundation sctUoinent durinn Mu* 



Fig. 5. — ^A 4J Storey Reinforced Concrete Building at Mauunociu 
Central, Tokyo, Japan. 

This building was absolutely undamaged by the earthquake while 
surrounding buildings of other materials were destroyed. 
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There were 16 structural steel frame buildings in 
Tokyo at the time of the earthquake, 6 of these were 
undamaged, while 10 sustained more or less damage. 
The G undamaged were those that had reinforced con- 
crete filler walls, the others had brick wall construction, 
and sustained more or less damage due to the shattering 
of their external walls and breaking of interior partitions. 
Outside of Tokyo no large steel frame buildings existed 
in the earthquake region. 



Fig. G. — SuMiTOME Warehouse, Tokyo, Japan. 

A splendid example of a reinforced concrete warehouse, 180 feet by 
200 feet by 80 feet high. Note the reinforced concrete filler walls. At 
the time of the earthquake the building was loaded with goods valued at 
.S4, 000, 000. It successfully withstood both the earthquake and fire. 

Reinforced concrete had been used for buildings in 
Tokyo for about 15 years, and structural steel about 
5 years ; brick had been used extensively for many 
years. Buildings of brick construction, with a few 
splendid exceptions of good work, failed badly and were 
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responsible for great loss of life. Of -1^5 brick structuri's 
investigated in Tokyo, 40 of which were situated on the 
relatively firm higher ground, and 430 on low lying 
ground, the following was reported. 



Fig. 7, — Yuuaku Building, Tokyo. 


A steel frame structure with stoccood brick facing ami filler walls ; 
damaged by the earthquake of 1923. 

The steel frame buildings with reinforced concrete filler walls suffered 
no damage. 


In the vast amount of shattered brickwork, fractures 
in general occurred through the brick itself, and not 
along the mortar joints ; the inner mortar joints were 
shown to have been well filled and without voids : all 
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the workmanship was good. The weakness of this class 
of construction was shown to be its low tensile strength, 
which is insufficient to withstand the bending and 
swaying caused by an earthquake, unless the walls are 
of very considerable thickness and well stiffened by the 
floors and heavy division walls, and the whole well tied 
together. 



Fig. 8. — ^Wreckage of the Grand Hotel, Yokohama. 
A Brick Structure destroyed by Earthquake. 


In Yokohama nearly all of the buildings /that remained 
after the earthquake and fire were of reinforced concrete. 

In each instance of severe damage to reinforced con- 
crete buildings it was determined that the damage was 
due to inadequate foundations or to the absence of 
proper wall bracing. The latter condition was par- 
ticularly noticeable in factory buildings where there was 
practically no wall, the space between the columns and 
the beams at each floor being filled with glass. 
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A general survey of the situation in Jai^an led to the 
following conclusion : — ^The performauo(‘ of reinforced 
concrete under the test of earthquake and fire can only 
be classed as highly satisfactory. Pro|K'rly designed 
structural steel buildings, well liraced and thoroughly 
fireproofed can be made earthquake proof, the simplest, 
cheapest and most efficacious bracing being secured by 
making the wall construction of reinfori'ed concreten 
The failure of reinforced concrete buildings was due to 



Fig. 0. — ’W’nKCKAiiK of 'Uie Fhkn< n (’orssni.ATE liiiu.iuNc., S'okoiiama 

A Bnck Structure dostroyod hy I^'artlKiuaki*. 

Figs. 8 and 0, compared togotiier with tlio illustrations of tho oUut 
buildings in earthquake areas, show the superiority of reinforceil conoreio 
structures for resistance to carlluiuake or other severe vihration. 


one or more of the following conditions : — ( I ) Inadequate 
foundations ; (2) Violation of commonly accepted 

principles of engineering design ; (3) Lack of rigidity in 
the buildings ; (4) The quality of the concrete, which 
was uniformly inferior. 
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Earthquake at Santa Barbara, California. — On June 
29, 1925, a rather serious earthquake occurrredin Santa 
Barbara, California. The author happened to be 
within the earthquake zone at the time, and experienced 
the shock ; he also made an inspection of the buildings 
in the devastated area a few days afterwards, and drew 
similar conclusions to those contained in the report 
on the Japanese disaster. The defects caused by the 
Santa Barbara earthquake, however, were more easily 
determined since the ' wrecked buildings were not 



Fig. 10. — Hotel Californian, Santa Barbara, California. 

Destroyed by earthquake. The main walls were of ordinary brick 
construction, the partition walls of wood studs. Destruction due to 
lack of rigidity of frame ; absence of structural bond and adequate ties. 
Inspected by the Author. 

altered by subsequent fire. Reinforced concrete build- 
ings which were properly designed and well tied together 
with reinforced concrete walls suffered very little or no 
damage. Badly bonded brickwork, hollow tile, cut 
stone and concrete block failed badly. The absence of 
a reasonable number of steel frame buildings prevented 
a comparison of these with other classes of construction. 

As a result of the above inspections, and by a com- 
parison of the illustrations Dt can be concluded that 
reinforced concrete buildings, well designed and built 
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Fig. II. — Centrai- Building. Santa Barbara, California. 

A 6-storey reinforced concrete frame building with clay tile filler walls. Situated close to the 
building of Fig. 10. The concrete frame suffered no damage by the earthquake, but the filler walls 
were cracked in a number of places, due to the swaying of the structure. Note the exposed clay 
tile of the second and third stories. Inspected by the Author. 
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Fig. 12. — San Marcos Building, Santa Barbara, California. 

A reinforced concrete office structure, destroyed by earthquake through poor design, materials 
and workmanship. Inspected by the Author. 
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Fig. 13. — American Legion Building, Santa Barbara, Calieornia. 

One of many brick veneer buildings destroyed by the earthquake of 1925, showing the 
inadequacy of this class of construction for earthquake resistance. Inspected by the Author. 
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are highly satisfactory in resisting earthquakes. The 
following points, however, require careful attention : — 

(1) Adequate foundations, firm and un;^’ielding. 

(2) Provision to secure perfect rigidity of the whole 
structure when subjected to horizontal motion and 
reversal of stress. 

(3) Walls between columns and beams must be re- 
inforced concrete, and well bonded to the columns and 
beams, so that the whole acts as one ; brick and hollow 
tile panels should not be used. 

(4) Walls and columns must be securely anchored to 
foundations. All footing studs and column verticals 
should be hooked at the splices, the laps being designed 
for tension, not compression. Adequate reinforcement 
must be used throughout the whole structure. 

(5) Outside walls must be well tied to the inner walls 
and the floors so that there will be no relative movement 
of one with respect to the other. Corners of window 
openings require diagonal bracing bars or additional 
well-anchored vertical and horizontal reinforcement. 

(6) All parts of the building must be so bonded to- 
gether and braced laterally as well as vertically, so that 
the entire structure will tend to sway as a unit. 

(7) All work joints must be kept free from laitance, 
rubbish and dirt. 

HURRICANE RESISTANCE. 

The advantages of reinforced concrete in resisting 
strong winds was shown in the great Florida disaster in 
September, 1926. A careful examination of all the 
reinforced concrete buildings in the business section of 
Miami revealed no structural damage of any kind, and 
in no case was there visible evidence that the buildings 
had moved in any direction, nor was there any cracked 
plaster due to, or indicating, any movement. The 
entire effect of the hurricane was confined to the break- 
ing of windows and destruction of awnings. E. C. 
Romfh, Mayor of Miami, reported that it was remark- 
able that a city the size of Miami should have gone 
through such a severe storm with comparatively so 
c 
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small a number of dead and injured. This he accounted 
for by the fact that the city had the largest percentage 
of concrete buildings of any city in the United States. 

The wreckage of other buildings in the storm area 
showed the necessity of bracing in walls, stiffening of 
high parapets, thorough tying of roofs and floors to 
walls, and the use of good materials with first class w'ork- 
manship. Good standard materials properly used 
suffered no discredit from the hurricane. Good materi- 
als with inferior workmanship, or poor materials sub- 
stituted in the boom period when adequate inspection 
was impossible, spelled disaster wherever the storm 
struck. 


FIRE RESISTANCE. 

The superior resistance of reinforced concrete to firi' 
is due to the steel being protected from intense heat l)y 
the concrete, which is found to be one of the most 
suitable materials for this purpose, it being a very bud 
conductor of heat ; also the expansion of concrete and 
of steel under normal temperatures is practically c(|ual, 
the co-efficients per degree of temperature' being 
0-000,006 and 0-000,006,5 respectively ; this means tJiat 
with an increase of heat sufficiently to raise the tem])er- 
ature of the concrete and the embedded steel 500 degrees , 
in a length of 20 feet the steel would expand 20 x 12 x 
0-000,006,5x500 =0-78 inch, and the concrete 20x12 
X 0-000,006 X 500 =0-72 inch ; consequently, witli the 
poor heat conducting property of the concrete, and well 
designed and constructed work, it is impossible for the 
steel to absorb sufficient heat to cause it to expand 
enough in excess of the concrete to cause fractures, or for 
the two to absorb sufficient to expand together enough to 
seriously endanger the structure from this cause. This 
danger is still further reduced by the steel being com- 
paratively small in volume to that required in ordinary 
steel construction. 

Probably the most thorough investigation that has 
ever been made of the effect of an intense fire upon 
reinforced concrete structures is that following the 
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great fire at the plant of Thomas A. Edison, Inc., at 
West Orange, N.J., on December 9, 1914. Evidences 
of fused steel and even concrete were reported, showing 
that the temperature in some of the buildings must have 
reached as high as 2,000 degrees F., and probably 
exceeded 2,500 degrees F. It was considered that owing 
to the scarcity of water and to the abundance of highly 
inflammable materials, this excessive temperature con- 



Fig. 14. {See Fig. 15.) 

tinned in places for several hours. The joint report of 
the National Board of Fire Underwriters and the Nation- 
al Fire Protection Association, stated the severe loss to 
be due to lack of adequate protective measures in the 
matter of fire walls, fire resisting door and window 
construction, automatic sprinklers and water supply. 
It further stated that the concrete panel walls withstood 
the fire excellently. There was no case of individual 
collapse, either of a floor slab, beam or girder, except 
in one basement where the concrete and reinforcement 
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were apparently melted away, causing failure of three 
beams and a floor slab. All other failures were stated to 
be due to the columns, chiefly through longitudinal floor 
expansion, except in the case of various wall columns of 
which the failure was attributed to the great diffcireiice 
in temperature between the inside and outsick; taet;s of 
the wall, and to their rigid position verticalh', which 
made them less able to resist the building expansion. 



I'Tg. ir>. 

Figs. 14 and 15 are from photographs ol a small Apartmonl, Ihiihling 
and a Commercial Building in Tokyo, Japan, both of roinforccul (‘.oncreit^ 
construction ; they are good examples of the splendid fire resistance of 
this class of construction. Both of these buildings were gutted by the 
fire following the earthquake in 1923. The structural parts sustaintMi n(> 
damage whatever by either the earthquake or th<‘ terrific heat of the 
subsequent fire. 

The corners of square columns spalled off where circular 
columns suffered very minor damage. Although the 
columns appear to have suffered most, it was pointed out 
that more remained intact than were seriously injured. 
The report concluded that a reinforced concrete building 
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could doubtlessly be built that would satisfactorily with- 
stand such a' fire. In the American Concrete Institute’s 
report on this fire, it was stated that the fire fully 
demonstrated the advantages of monolithic structures. 
The fact that at five different places several of the wall 
columns were rendered useless, and yet the upper por- 
tions of the building stood intact, is evidence of the 
superior merits of concrete in monolithic construction. 
The end walls in three upper floors of two buildings 
extended above the roofs of the adjoining buildings 
which were completely destroyed ; while this was in the 
hottest part of the fire, the walls were practically un- 
damaged, which was an admirable demonstration of the 
value of concrete walls as a fire barrier. 

Thomas A. Edison stated that the report of his en- 
gineers showed that 87 per cent, of the reinforced con- 
crete buildings, which were subjected to a very intense 
heat remained in good condition, and of the machinery 
which they contained, about 85 per cent, could be again 
used with small repairs. Buildings of other materials, 
together with their contents, were entirely destroyed. 

CARE IN DESIGNING AND CONSTRUCTION. 

To secure the valuable properties of reinforced con- 
crete, the work must be properly constructed as well as 
designed. The former is quite as important as the 
latter, for if the greatest of care is taken with the 
design and careless supervision given to the construc- 
tion, the result may be as bad or worse than if the work 
was badly designed ; in fact, a poor design well con- 
structed may give a better result than a good design 
badly constructed. The supervision should include : — 
Careful inspection and testing of all the materials ; 
attention to the preparation, erection and removal of 
the forms, to the' gauge mixing and placing of the con- 
crete, to the size and placing of the steel according to the 
drawings, to the position and condition of slabs and 
beams where left unfinished at the end of a day’s work, 
to the condition of unfinished work before its continua- 
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tion or completion, and to the protection of newly 
finished work from building operations and inclement 
weather. All these points are of the utmost imiiortance 
if we aim at the best possible results, for if the materials 
are not carefully selected and the workmanship is not 
good, the result cannot be satisfactory. It is therefore 
necessary that constant expert supervision be given to 
the construction from its beginning to its end. 

Only men experienced in this class of work shoukl b(i 
engaged for the purpose, and under no consideration 
should an inexperienced man be placed in charge. 'Fhi' 
importance of this will be understood by any practical 
man who has observed the general can'lessness with 
which Portland cement concrete work is ofti'ii executed . 
Some workmen still have the idea that anything will 
do for concrete, both as regards the material and the 
mixing, and it is a material that a dishonest contractor 
can easily manipulate to his own advantage. 'I'he 
strength of the work is also greatly diminished by the 
irregular manner in which it is often dej^ositecl and 
tamped. 

Although the designer may carefully specify and bc' 
satisfied with the quality of the cement and aggrogat(\ 
the work may fail through the materials not being 
gauged exactly in the proportions arranged for wlnm 
designing, through insufficient or irregular mixing, !>>• 
an excess or insufficiency of water, or through badly 
placing and tamping. All these details require very 
strict supervision ; it is absolutely necessary for each 
operation to be carefully and perfectly done, oth{Twis(^ 
the strength and durability will be very seriously im paired . 

Skilled labour should also be employed for the <x)n- 
struction, erection and removal of the forms and su])- 
ports, for many cases of collapse have been due to 
defective form construction, or careless removal. 'J'he 
arrangement and fitting together of various parts of tlu^ 
form work demand much consideration and skill, for 
all the parts must be fitted together and supported in 
such a manner as to secure rigidity, strength to resist 
the tamping and weight of the wet concrete an d vibrat iovi. 
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caused by building operations, without alteration of 
form, also to secure ease of removal, to avoid the use of 
heavy hammers, levers or force which might disturb the 
work. It must, however, be borne in mind that form 
work is only temporary ; consequently, waste of material 
and unnecessary labour in the preparation and fixing of 
forms must be avoided. The lumber is best if well 
naturally seasoned, for green wood is apt to shrink and 
warp after being placed in position, and will consequent- 
ly leave a rough uneven surface to the work ; kiln dried 
lumber will expand and buckle with the wet concrete. 
No complicated joints are necessary ; all should be as 
simple as possible, such as the butt, lapped, and fish 
varieties, with as few nails as possible, but with a fre- 
quent use of folding wedges and wood clamps. 

Wherever possible struts and studs should be in one 
piece, but w'here these are long it is sometimes con- 
venient to make them of two pieces which can be done as 
shown by Fig. 16, the strips being nailed on all four 
sides. The butt joint should be cut square and true. 

All studs should have a firm footing which can be 
provided for as shown by Fig. 17 or Fig. 18 ; the folding 
wedges admit of easj'' adjustment and removal. 

Fig. ly illustrates suitable details for the head of 
a stud supporting a beam form ; it also shows 
how the bearers under the boards which support 
the floor slabs can be supported b5' utilizing the 
ledges of the beam forms. Fig. 20 illustrates the 
connection of secondary beam forms to main 
beam forms. 

Columns forms may be as Fig. 21, which also 
illustrates the connection of beam forms to 
column forms. Instead of the wooden clamps, 
as illustrated, there are several kinds of metal 
clamps now made, some of which are patented. 

Of course any of these can be used providing they 
are of sufficient length or are placed sufficiently 
close together to prevent bulging of the forms 
Fig. 22 is a suggestion for large columns, the 
cross pieces being loosely cut in between the side pieces 
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and held in position by the bolt passing through two 
staples, as indicated ; these pieces are far enough apart 
to allow wedges to be inserted, as illustrated, otherwise 
there would be a difficulty in arranging the position of 
the bolts to allow the cross pieces to fit tightly against 
the forms. In all form work braces and horizontal ties 



Fig. 20 . 


should be freely used to guard against displacement by 
blows from traffic or vibration from building operations. 

Walls forms should be well supported and have a 
plentiful supply of distance pieces, tie wires or bolts, and 
struts. 

For extensive work, particularly where there is con- 
siderable detail, and for curved work, steel forms should 
be used. There are manufacturers who specialize in 
these and supply them for any shape or size of work, 
made in convenient size knock-down sections, with 
connections designed to enable the forms to be easily 
fixed or removed without transmitting any shock to the 
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they are not economical, but for such work as above 
described there is considerable saving in cost, and gain 
in time and in quality of work. 

Adjustable steel forms for floor work, and their 
supports, are obtainable as illustrated by Figs. 23, 24 
25 and 26. 




Fig. 23. — Adjustable Steel Forms for Bib Floors 
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Fic. 25 .— Adjustable Steel Shore for supporting Floor Forms. 
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Fig. 26. — A Patent Adjust.\ble Column Clamp. 



TIME TO REMOVE FORMS. 

The time to elapse before the supports and forms may 
be removed will depend upon the weather and on the 
position and nature of the work, as well as upon the 
setting property of the cement. Under ordinary condi- 
tions, for small slabs and columns they can be removed 
in a week, but if traffic or building operations are to be 
continued on or about the work they should be left 
much longer. None of the forms of heavy beams and 
arches should be removed until at least two weeks have 
elapsed, the soffit supports should be left for at least 
four weeks. See cause of flopj collapse, page 36. 
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MIXING AND DEPOSITING. 

Concrete is now very rarely mixed by hand, l)ut if it 
is necessary to do this it must in no case be mixed on the 
bare ground, but on a level platform of boards placed 
close together. The materials must be accurately 
measured to the gauge specified and thoroughly mixed, 
for which at least two men should be employed. 'Fht; 
sand should be spread to a uniform depth and covered 
with the cement, then well mixed w'hile dry by turning 
it over at least twice, after which the coarse material 
should be added and the whole turned over twice more 
while dry ; then the water should be sprayed on while 
it is being turned over again, after which it should be 
turned over at least once more. 

Not more than half a cubic yard should be mixed at 
a time, and it should be immediately placed in position ; 
any left over and allowed to set must not be knocki^d up 
again for use other than as coarse material. Tlie quan- 
tity of water required will vary according to the size', 
porosity and dryness of the coarse material ; for in- 
stance, broken brick will require more than gravel, and 
if damp either will require more than if dr>' ; conse- 
quently, with these conditions together with tlie prac- 
tical impossibility of preventing irregular waste in 
applying, any specified quantity can only be an approxi- 
mation ; the following, however, arc fair averages for 
different proportions of well graded aggregates up to 1 1 
inch gauge, and may be used as a basis for trial mix- 
tures. For a 1-2-4 mixture about 0 gallons per cubic 
foot of cement ; for 1-2-3 mixture about bj' gallons, an<l 
for a 1-1 J-3 mixture 5J gallons ; but the actual amount 
only can be determined when mixing ; an experienced 
man can judge by the appearance, and feel while turning 
it over ; if, however, a handful of concrete is squeezed 
and when released just retains its form without appearing 
sloppy, and does not break by adhering to the hand, 
it may be considered as in a suitable condition. An 
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excess of water will increase the tendency of the concrete 
to crack in shrinking, and mil make it more susceptable 
to the formation of laitance seams ; it will also weaken 
the concrete* and retard its setting. 

For irregular work and work containing a multiplicity 
of rods in which it is difficult to obtain free access to all 
parts for tamping, many engineers specify a wet mixture ; 
this is a mixture containing more water than that specified 
above ; the additional w’ater assists consolidation and less 
tamping is required, but the concrete does not attain so 
high an ultimate strength as a drier mixture well tamped ; 
otherwise there is no objection to this method providing 
too much water is not used and tamping is not entirely 
dispensed wdth. With an excess of w’ater and hand 
mixing there is danger of the cement being more or less 
washed off the aggregate. The author has often seen 
so much used in this method of mixing as to wash a 
considerable portion of the cement to the bottom of the 
heap where it has been shovelled up like slurry*, and in 
some cases of either hand or machine mixing, sufficient to 
flood the surface of the concrete after it is deposited in 
place. It is also verj' usual to see so much -water used 
that in pouring the slabs the w’orkmen are able to walk 
through it almost as easily as through water. Such 
carelessness can only result in inferior w’ork and should 
be strongly condemned. 

For any other than a small job mechanical mixers 
should be used, they are generally operated by steam or 
gasoline power ; this method will produce a concrete 
far superior to that of hand labour, for by it a more 
uniform mixture can be obtained and a great saving of 
time effected. The -whole mass of concrete should be in 
continuous motion within the machine, after the water 
has been added, for a period of not less than one minute, 
and for not more than two minutes. The -water should 
not be added until after the dry materials have revolved 
several times in the mixer. The chief risk to guard 
against is the use of an excess of -water, for a first class 
mix will not leave the hopper very readily ; the more 
wafer the easier -will the concrete be emptied from mixer 
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and barrow or bucket ; consequently constant attention 
is necessary to prevent an excess being used, as speed is 
generally the first consideration with the contractor. 

Some engineers specify that the quantity of water is 
to be determined by the slump test on the job. This is 
done by means of a metal form the shape of the frustrum 
of a cone, 12 inches high, 4 inches in diameter at the top, 
and 8 inches at the bottom. This form is filled with the 
concrete to be tested, which is well tamped with a pointed 
iron rod while it is being placed ; when filled the form is 
immediately lifted off, and the slump or settlement 
measured. The following slumps are considered to be 
the most suitable : — 

(1) For concrete roads, from | inch to 1 inch. 

(2) For foundations and mass work, from 1 inch to 
1 i inch. 

(3) For reinforced concrete work, from 2 inches to 
2J inches. 

C For reinforced concrete work in which the bars are 
very close, or where a greater plasticity than that of a 
2i inch slump is desirable, probably on account of the 
difficulty of tamping, a greater slump is specified, 4 
inches being quite common ; but in no case should more 
than 6 inches be allowed ; for the greater the slump the 
greater the loss in the compressive strength of the concrete. 
> Slabs and beams should be commenced and completed 
the same day ; if, however, this is not possible, the con- 
crete should be filled the entire depth, and left unfinished 
with a vertical face over the centre of a support or at the 
center of the span. In these positions the diagonal 
tension and shear, which the concrete is designed to 
resist, is less than elsewhere ; consequently an imperfect 
joint here would be less harmful than it would be in any 
other position. When recommencing the work the 
unfinished surface should be well watered and given 
a coat of grout, or thin cement mortar immediate!}’- 
before the fresh concrete is deposited against it ; if the 
work has been left several days, is very dry and dusty, a 
portion of the surface should be broken away and the 
waste well swept up before it is watered and grouted. 

D 
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Fig. 29 . 

Making the Slumps^ 


SLUMPS. 
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Exposed new surfaces should be protected from traffic, 
frost, heavy rain, and the sun. During hot weather it 
should be kept damp for a week ; during continuous 
frosty weather the work should be suspended, but for 
occasional light frosts it may be protected at night by a 
covering of tarpaulins, sacks, sawdust, wood-shavings, 
straw or boards. There is, however, grave danger in 
permitting concrete work to be done in a freezing tem- 
perature, whether continuous or intermittent, although 
this is the case, important work is often carried on during 
very severe winter temperatures, notably in the northern 
parts of the United States and in Canada, where in some 
parts the temperature remains many degrees below zero 
for several months each year, with freezing weather from 
October to April. These conditions make the building 
season very short ; consequently, all kinds of methods 
are resorted to, with their attendant risks, to enable 
concreting to be continued as far as possible into, or all 
through, the winter. In doing this, the object to be 
borne in mind is that the material when used must not 
be covered with ice crystals or contain frost, and that 
means must be provided to prevent the concrete from 
freezing after it is placed in position, and until it has 
thoroughly hardened. The usual method adopted for 
endeavouring to secure the desired result is to heat the 
aggregate to well above freezing point by means of 
burjdng within the aggregate pjle, pipes through which 
steam is forced from the concrete mixer or some other 
heater ; sometimes the aggregate is piled up over large 
iron cylinders Avithin which fires are kept burning. No 
part of the aggregate should be heated to more than 150 
degrees F. The mixing water should also be heated. 
The addition of common salt to the water will lower the 
freezing point of the concrete, but there is a limit to the 
quantity that may be used. See information on “ Salt 
Water Concrete. ’ ’ The concrete when placed should have 
a temperature of from 75 to 80 degrees. F. Metal forms 
should be warmed before placing the concrete ; this can 
be done by a jet of steam or by wetting with hot water. 

After the concrete is placed in position it must be 
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well covered over and further protected whenever possi- 
ble by hanging wind sheets or hoarding. In addition 
to these means, movable stoves or salamanders may lie 
used in enclosed structures. Many extensix e jobs ha\'(' 
been completed, apparently successfully ; b}- these 

means, such work, however, is extremely' risky. 

Before removing the forms, be sure tht' con<T-etc' is 
hardened, not frozen. If there is doulit in this n'spt'et 
remove a small portion of a form, and apply a j<‘t of 
steam or a little hot water to the exposed conerc'tta If 
frozen, the heat will soften the concrete by thawing t lu' 
water contained in it. 

It is well known that the freezing of grt'en eoiu'rett' 
retards the setting and greatly reduces its strength ; 
many cases of collapses have been traced to tliis caus<‘. 
A particular case came under the author’s notic(“ in 
November, 1915, in a city in the state of Illinois, U.S.A., 
in which the collapse of the floors of a iu‘w factorx' 
building caused the death of two men. 'J'he floor spans 
were 17 feet by 21 feet, the slabs were 7 inches thick, and 
the drop panels around the column heads witc 1 1 inches 
thick. The first floor had been poured about six wi'cks 
during which time there had been some very ('old 
weather. The second floor was poured on tlu' day 
previous to the accident. The day of the collupst' was 
very wet. At the time of the accident the forms und('r 
the first floor were being removed. The first indic'ation 
of failure noticed was a crack througli oiu' of tlu' oolunm 
heads ; then the floor collapsed and the forms and greiui 
concrete of the upper floor fell with it, strip])ing ('.lear of 
the reinforcement. The column heads of th<! first floor 
were sheared off. Expert engineers testified Ix^fort; th(' 
coroner’s jury that there was considerables frost in th(^ 
concrete slab, and that the concrete was very ]iorous, 
owing to the use of an excess of water in order to uiakt; 
the concrete flow more readily around the reinfon'.ing 
rods, and that there was an insufficiency of supports to 
hold the slab rigidly during the period of setting. 'I'he 
proportions were good, but in pouring the concrete the 
heavier gravel separated from the sand and cement. Sam- 
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pies tested at' the laboratorj,' of the University of Illinois 
showed insufficient strength. The opinion given by the 
engineers was that the accident was due to premature 
removal of the falsework supporting the forms, the 
freezing weather having retarded the setting of the 
concrete. 

^ The coarse material to be used for the concrete should 
be clean and free from foreign matter, and carefully 
proportioned with a view to securing a maximum density. 

The quantity of sand required will depend upon the 
nature of the coarse material ; sufficient must be used 
to ensure all the voids being properly filled. It is better 
to have a little in excess rather than an insufficiency. 
It should be borne in mind that density and impervious- 
ness are absolutely necessary to secure good work, 
everything possible should be done to obtain this result. 
The sand should be dr^q for if wet it is impossible to 
thoroughly incorporate the cement. For good work, 
where strength is the primary consideration, the most 
usual mixture is four parts by volume of broken granite 
or trap rock, hard crystaline limestone, sandstone, 
gravel, or selected slag sufficiently small to pass a | inch 
mesh, two parts of sharp coarse sand, and one part of 
Portland cement, known as a 1-2-4 gauge. These pro- 
portions and size of aggregate, however, should not be 
taken as a standard, but before designing important 
work the materials for the concrete should be selected 
according to local circumstances ; then varying mixtures 
should be prepared, the proportions being carefully 
tabulated, and the test pieces made by tamping the 
concrete, as described for the work, into square or 
cylindrical moulds not smaller than 6in. x 6in. x 6in., 
and at the end of twenty-eight days four pieces of each 
variety should be tested by compression with a gradually 
applied load, and the average results of each set com- 
pared, the most satisfactory variety being selected for 
use and the work designed and the gauge specified 
accordingly. 

The size of the aggregate is often specified as J inch 
for light slabs or partitions, where expanded metal or 
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mesh is used, | inch for flat slab floors, beams and slabs, 
girders, columns, footings, retaining walls and other 
moderately heavy work, and inch for hea\'y work. 

With the hard materials gauged the crushing 

strength at 28 days should be from 2,K)()lb. to :>,0<)0lb. 
per square inch. The working stress for beams should 
not exceed one-fourth, and for columns one-fifth, of tht' 
crushing resistance at 28 days ; consequently, the work- 
ing stress for the hard class of materials is usually takim 
as 600 lb. per square inch for beams, and bOO lb. pcT 
square inch for columns ; it must, how(‘ver, be borne in 
mind that the allowable amount should bc^ dt'terminc'd by 
experiment, as described above. 'I'he building ordin- 
ances of some cities specify the maximum stn'ss allow- 
able in the district governed by that particular ordinance. 

The coarse materials should be screened and all that 
passes a 3/16th-in. mesh should be considcTed sand. 

Broken brick, furnace clinker, coke breeze*, and lime- 
stone of average density are also used in districts where 
they are easily obtainable ; the ultimate* stri'ngth of tlu* 
concrete made from these, however, is only about half 
that of the harder materials if gauged in tlu* sanu* pro- 
portions ; they are also more porous, and should la* W(*ll 
damped before being added to tin* cement and sanrl. 
More water is also required for mixing, and the concr(*te 
must be deposited in a wetter condition than that of 
harder aggregates or it will be difficult to tam|> it suf- 
ficiently for securing the density necessary to protc'ct 
the reinforcement from atmospheric influcnct* and 
moisture, which protection is absolutely neci'ssary, 
otherwise the durability of the structure will be limited 
according to the rate of oxidation of the steel. If, how- 
ever, the concrete is practically air and damp-ijroof, 
oxidation will not take place ; it is a well-known fact 
that cement acts as a preservative from rust ; furthermort! 
if steel bars are covered with rust when embed dtgl in tln^ 
concrete, the oxidation is immediately stopped. Mois- 
ture also considerably reduces the value of the adhesion 
of the concrete to the steel, which adhesion is a valuable 
factor for consideration when designing the work, par- 
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ticularly that in which the shearing stresses are high. 
The density of the concrete is also necessary as a protec- 
tion from fire, for steel when exposed to intense heat, as 
in a conflagration, will expand and diminish in strength 
sufficiently to cause collapse of the structure. See page 
5. 

Although coke breeze, clinker, and broken brick are 
classed as second rate materials for strength, they are 
more fire resisting than those given as first-class materials, 
excepting the slag. 

Slabs composed of coke-breeze concrete, after being 
raised to a red heat and quenched with water, have been 
found to be diminished in strength about 30 per cent., 
and only superficially injured and not past repair, but 
owing to Portland cement concrete increasing in strength 
with age, this class after being exposed to such conditions 
and having diminished in strength, will still be strong 
enough to carr}’’ the original working load. Brick 
concrete under the same conditions loses about 30 per 
cent, of its strength, and is damaged to a greater extent 
than coke-breeze, but not so badly as granite, limestone, 
sandstone and gravel concrete, all of which have been 
found to have suffered sufficient loss of strength and 
damage to necessitate renewal. Clinker and slag may be 
classed between breeze and brick in this respect ; con- 
sequently where fire resistance and strength are equal 
considerations, slag will give the greatest satisfaction, 
but for fire resistance, where great strength is not re- 
quired, coke-breeze comes first, with clinker and cinder 
next ; great care, however, is required in the selection of 
clinker and cinder as they are likely to contain much refuse, 
which might be in sufficient quantity to entirely destroy 
the strength of the concrete ; the possible presence of 
sulphur is also to be feared as this will cause corrosion of 
the steel, and thus reduce its strength ; consequently, 
these materials should be looked upon with suspicion 
and treated with caution, and must not be used where 
strength is an important consideration. 

■^The sand should be perfectly free from clay, vegetable 
loam, oil, animal or other foreign matter, and should be 
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sharp, gritty, hard silicious material having particle's 
graded from fine to coarse, and of such a size that all will 
pass through a 3/ 16- in. mesh, and at least 75 per cent, 
pass a ^-in. mesh. Fine sand alone will rcciuire more' 
cement to produce concrete of the same strc'ngtli as that 
obtained with sand graded from fine' to coarse. 


CHOTING CONCRETE. 

For extensive works the most general inethofl of 
depositing concrete is by pouring it through a chute, 
called spouting or chuting. This is done by means of a 
long sheet-iron chute attached to the top of a tower 
which is erected close to the mixer and niattu-ial bins. 
The chute is made up of sections 20 to 10 feet in length ; 
these sections are connected with swivel joints, enabling 
the chute to be easily moved horizontally as well as vt'r- 
tically across the full width or length of the site. 'I'ln' 
tower end of the chute is fixed at a height sufficit'iit to 
make the descent of the concrete rapid ; this may rt'iiuire 
the height to be anything up to 100 feet or more, di'p^'iid- 
ing upon the length of the chute and the quantity of 
water in the concrete ; in no case should a fall of less than 
1 in 4 be adopted. Intermediate supports for the' ('hute 
consist of light A frames, or gin poles placed at tlu' joints. 
Sometimes the whole length is suspendc'd by ropt's and 
pulleys attached to an overhead cable connected to tin' 
top of the hoisting tower at one end, and to a spe'idal 
tower or other structure at the other end. 'I'ht' conenitt' 
is discharged from the mixer into the buckc't whic'h is 
raised up the tower and automatically trqipi'd an<l 
tipped into the chute hopper by means of a hoist o],)c'rat(‘d 
by electricity, gasoline or steam power. 

The popularity of chuting is entirely due to the great 
saving in time in delivering the concrete' from the' mix<'r 
to the forms. With a well operated plant the' [jeiuring 
is continuous and often between 50 and 60 cubic yards 
per hour are delivered with one plant. 

When the chuting system was first boomed, in 1 0 13-14, 
there was considerable opposition by certain architects 
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Fig 31 . — Chuiiisg CoisrcRErL. 

Note the exceedingly long length of chute and imagine what the consistency of the con- 
crete must be to enable it to freely flow tlie whole flistance from the hopper to the trench. 
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and engineers owing to the fact that a large excess of 
water is required in the concrete to cause it to flow readily 
along the chute ; this opposition appears to have had 
very little effect, as since that time the system has be- 
come almost universal for extensive work. The rapidity 
of its use was chiefly due to the power of advertising ; 
the makers of chuting devices advertised them \’(My 
extensively, making a strong point of their records of 
very low cost in the pouring of the concrete ; conse- 
quently, where time and economy of cost are tin- jin'- 
dominating factors, chuting is pnTerred. 



Fig. 32 . — Chuting Conchktk. 

Showing Lhe Cliulo .miapemlod from ovcrhood Cul)h‘s. 


In reinforced concrete work where the eompn'ssivi' 
strength of the concrete is relied upon to the limit, 
chuting should not be allowed ; the excess water ('.ausi's 
porosity, reduces the strength, and retards the sc'tting 
of the concrete ; it also affords an excuse to minimise or 
entirely dispense with the tamping. The longiT th(‘ 
radius of the chute or the lower the tower the more water 
is required to assist the flow. The ideal quantity of 
water produces concrete that is sticky and pasty rather 
than free flowing. A mixture of this description cannot 
be chuted. 
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SEA- WATER CONCRETE. 

Sea-water, or brackish water should not be used for 
reinforced concrete. There is no objection to its use for 
concrete not reinforced. From recent extensive exam- 
inations of various kinds of structures built of sea-water 
concrete in widely different parts of the world, including 
England, Scotland, Nova Scotia, Florida, California, 
South Africa, Greece, and Tasmania, it can be concluded 
that salt-water mixing has no deleterious effect on the 



Fig. 33. — Pier on the East Coast Railway, Florida. 

The concrete was gauged with sea water, and when recently inspected, 
after 15 years of service, was found to be in excellent condition 

compressive strength of the concrete or upon the chemi- 
cal action which takes place when cement sets, but in 
reinforced concrete work the presence of the salts may 
have an injurious effect upon the embedded steel in 
accelerating corrosion. Also if the structure is exposed 
to stray electric currents the salt will contribute largely 
to the disentegration from electrolysis. It is also found 
that if large masses are poured and the concrete is mixed 
very wet, a larger quantity of laitance will accumulate 
on the surface of the concrete than if fresh water were 
used. This added laitance consists chiefly of magnesium 
hydro-oxide precipitated from the sea-water. 




rio. 34. 

The riglit-liaml \ie\v '-huws Ciin^liiietiun ^eama in a wall immediately alter cuu^tiuction. The Itdl-hand Mt*w shows 
how these seams were attacked hy sea-water in 1*2 years. 
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The effect of mixing sea-water with concrete must not 
be confused with the effect of the penetration of sea- 
water. It is well-known that many concrete marine 
structures in all parts of the world are progressively 
deteriorating from chemical disintegration, which for 
many years has been receiving considerable attention 
from eminent engineers. A most extensive and com- 
plete study of this deterioration was recently'’ made by 
Rudolph J. Wig, and Lewis R. Ferguson, of the United 



Fig. 35. — The Face of a Sea-wall, 

showing rapid disintegration caused by the surface being tooled off to 
give artistic effect. 

States Bureau of Standards, and the Portland Cement 
Association. Their investigation covered a period of 
two years, and included the inspection and study of 
nearly every marine structure in the United States, and 
many in other countries. In addition to an examination 
of each structure, a study was made of the original 
specifications, drawings, records of construction and the 
materials used, and photographs made during construc- 
tion, wherever these were obtainable. As a result of 
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this investigation the investigators stated that deteriora- 
tion is taking place in concrete structures along all the 
coasts of the United States, Canada, Cuba, and European 
Countries, and that the action is far more rapid in cold 
climates than in the tropics, owing largely to the mechan- 
ical erosion from frosts. The disintegration proceeds at 
a very slow rate where there is no frost or seven' mechan- 
ical erosion to remove the softened material. 

Deterioration of Plain Concrete in Sea-water. -Messrs. 
Wig and Ferguson further stated that their investigation 
also showed that deterioration of plain concrt'te may lie 
due to several causes, but the underlying one, which is 



Fig, 36 . — The Toe of a 

[showing rapid disintegration after the sharp corner was 
abraded. 


chemical disintegration, cannot take placi' unless the 
original surface of the concrete is first abraided or t'rodtid 
from mechanical means . The reason for this is that when 
the green concrete is placed in the forms, the lime of the 
cement at or near the surface is in a form to combine 
readily with carbon dioxide in the atmosphere ; thus 
there is formed at the surface and for a slight depth in 
the mass, lime carbonate which is practically insoluble 
in water. This layer of insoluble material acts as an 
armour or protection to uncarbonated cement in the 
interior of the mass. If the concrete is deposited in 
water and not exposed to the air, there is sufficient 
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carbon dioxide in the water to carbonate the lime at the 
surface, and the same result is obtained. This explana- 
tion is supported by many physical, chemical and 
microscopic studies which have been made by various 
authorities. 



Fig. 37. — A Pier on the Atlantic Coast, 

built in 1890 of concrete, made with White Bros.’ English cement, being 
protected, the concrete, when recently inspected, was in excellent condition. 


To secure the permanence of plain concrete in salt- 
water it is therefore necessary to protect it against 
mechanical abrasion. In designing the work sharp 
corners and edges should be avoided, and a form adopted 
that will offer the least possible opportunity for abrasion 
or erosion. Well made concrete thus protected is per- 
manent in sea-water. 
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Reinforced Concrete in Sea-water. - U hc foregoing- 
detailed investigation also sho-w'cd that the deteri- 
oration of reinforced concrete in sea-water is undoubtcdh' 
due to the corrosion of the embedded steel above the 
water-line, and not to electrolysis which at oiu- tinn' was 
the most popular theory of this corrosion. 'J'lu' effect is 
more pronounced in some locations than in others. 
Certain conditions greatly accelerate the- ac'tion. 'I'lu' 
temperature, exposed conditions, quality of concrete-, 
and depth of embedded metal, all influence tJie rapidity 
of deterioration. 

There probably have been instances when* electro- 
lytic action caused the corrosion of reinforci'im'nt in 
marine structures, but such cases are verv' TJire and the- 
effect of this action is different in one very marked par- 
ticular from that which is occurring in practically all 
reinforced concrete that is deteriorating in si-a-wat(-r. 
The cracking of concrete in sea-water alw-ays starts al)ov(- 
the high-water line, although it may extend a litth- below 
this point as corrosion develops. Very seldom is it 
found to go down as far as the elevation of low wat(-r, 
and then only when the reinforcement is deeply c-inbedfh-d 
so that the spalling effect extends a considerable distanei- 
below where the metal is affected. In all (-xix-riments 
made to determine the action of electric cairrent on rc-- 
inforced concrete it has been found that (-racking due to 
the corrosion of the steel starts where the current Ic-aves 
the rods. Therefore, if electrolysis were th(- c-ause tht- 
corrosion and cracking must occur below high-water line, 
where the current leaves the metal. If tin- c-orrosion 
and deterioration do not extend below the watc-r-Iine, 
electrolysis cannot be the cause. 

The report further stated that the investigation un- 
doubtedly showed that the real cause of the- ch-te-rioratiou 
of reinforced concrete marine structures is tlu- accumu- 
lation of salts in the pores of the concrete above thc- 
water-line by capillaTity and evaporation, and thi* 
absorption by the concrete of sea-water laden aif which 
penetrates to a far greater depth than was previously 
thought possible. 
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A few of 2 500 Precast Concrete Piles in a Pier on the Atlantic Coast ; nearly every one was cracked or spalled 
through corrosion of the steel, when inspected 10 years after construction 
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Chlorine and oxygen together form a \'ory acti ve corrod- 
ing agent for the steel, the great expansive foi'cc devel- 
oped by this corrosion causes crackling and spalling of the 
concrete, and exposes it beneath the surface skin to the 
decomposing chemical action which rapidly takes place. 
In warm humid climates the corrosion of the reinforce- 
ment and the subsequent cracking of the coiu'rete pro- 
ceeds much more rapidly than in cool climates wIrtc the 
amount of moisture in the atmosphcn; is less. 

To permanently secure reinforced concretes work in 
marine structures the following recommendations are 
given : — Every effort should be made to diminish the 



Fi(i. 3'.l. 

These reinforced concrete jiiles were made for a pu'r at Kom* It(»acli, 
California; they were not used for the work, J)ut wen* left on (lie IxMich 
high above the water, after a short time eraeks apfxxireil, eansiMl by 
porous percolation and subsequent corrosion of tin* steel. lnspiM*UMl by 
the Authoi 

amount of reinforcement, especially above tht' wati'r- 
line, and to use small rods rather than large otu's, ]>lacing 
the rods not less than 2 } inches from the surface', and 
every possible precaution taken to get a good dense 
impermeable concrete, and to reject all mati'rials, 
cement aggregate or water, which may tend to ao<'<'h'rate 
the sea-water disintegration. Only the vcr>' bt'st aggrev 
gates should be used. All normal Portland ci'inents if 
properly made and used will resist sea-water disintt'gra- 
tion. There are numerous structures built many yeans 
ago, still in excellent condition, which support the 
foregoing statement. 
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All forms should be surfaced lumber and made tight 
to prevent leakage of the concrete, below water-line as 
well as above. In running water or where there is a 
wash, tongued and grooved lumber should be used. If 
the forms are oiled, which is preferable, mineral oil 
should be used. Use a richer mixture than for similar 
work on land. Use sufficient water to permit of light 
tamping, but not so dr3'' as to require an effort to bring 
the water to the surface or to make it difficult to obtain 
compactness around the reinforcement. Take every 
precaution to prevent formation of construction seams 
of laitance. Protect the completed work from abrasion 
by wood fenders or other suitable means. 


ALKALI ACTION ON CONCRETE. 

During recent years engineers have been much con- 
cerned with the serious decomposition of concrete 
structures in the arid regions of America and in Western 
Canada. Foundations of many important buildings, 
numerous irrigation conduits, aqueducts, sewers and other 
underground structures, are being rapidly destroyed by 
the action of the alkali water in the subsoil. The author 
has inspected many of these structures, and has been 
responsible for the renewal or repair of a number of 
them. In some cases decomposing action commenced 
within a year after construction, portions of large trunk 
sewers have been so badly disentegrated as to collapse 
within four or five years after construction. 

The salts usually found in these so called alkali waters 
are similar to those that are found in sea-water and are 
often found in considerable quantities in spring and river 
waters, They are chiefly sodium chloride, magnesium 
sulphate, calcium sulphate, sodium sulphate, and sodium 
carbonate. 

During the last few years considerable money has been 
spent on investigations and experiments with a view to 
finding the actual cause of this decomposition and the 
most satisfactory treatment to prevent it. The con- 
clusions of the various authorities are similar to those 
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given for the action of sea-water and include tht' follow- 
ing : — 

(1) Portland cement concrete, if porous, can be dis- 
integrated by the forces exerted by the crystalization of 
almost any salt in its pores ; if a sufficient amount is 
allowed to accumulate, a rapid formation of crystals is 
caused by its drying. Porous stone, bri(',k or other 
materials are disintegrated in the same manner. 'FIutc'- 
fore, a dense nonporous concrete is essential. 

(2) Well-made concrete with an impervious skin when 
totally or partially immersed, is not subject to <le('om- 
position by alkaline water. 'J'he chemical action of 
various sulphate and chloride solutions is prcwc'nted by 
the carbonisation of the lime of the cement nc'ar th<' 
surface, or by the formation of an impervious skin or 
protective coating by saline deposits. 

(3) There is no apparent relation betwciMi th(' ch(‘mical 
composition of a cement and the rapidity with which 
it reacts with alkaline or sea-water whem in intiinat(' 
contact. 

(4) If the lime of the cement is carbonated it is prac- 
tically insoluble. The quantity of alumina, iron, or 
silica present in the cement does not affect its solubilit>'. 
The magnesia present is practically inert. 'I'he tjuantity 
of sulphur present up to 1-75 per cent, doc's not affec't 
its solubility, but a variation in the quantity may affect 
its rate of hardening. 

Methods to Prevent Decomposition.— Various authori- 
ties have suggested the use of different ingrc'dicnits to 
be mixed with the concrete or to be ajiiilied to the 
finished surface with a view to their reacting with the 
salts or alkali and forming insoluble comiiounds, thus 
preventing the concrete from decomposition. Among 
the suggestions are : — ^An admixture of salts of barium 
to form, with soluble sulphates, insoluble barium sul- 
phate. Both barium chloride and barium carbonate' 
have been used by being finely ground and about 2 to 
5 per cent, mixed with the cement. Also additions of 
various forms of iron oxides, calcium and magnesium 
hydrated lime, road oil, a mixture of silicate of soda 



EFFECT OF SEWAGE AND SEWAGE GASES 


53 


solution and fish oil, lime soap, alum, coal tar oil, and 
finely crushed marble with about 10 per cent, gypsum. 
These and many patented mixtures have been from time 
to time used, but so far the results have not been satis- 
factory. Some of the treatments appear to have de- 
layed decomposition for a short period, but the author, 
after having made extensive experiments, enquiries and 
inspections, has concluded that there is not yet any mix- 
ture for this purpose that can be considered of permanent 
value. Concrete can be, and is made permanently secure 
from the decomposing action of salt or alkaline waters, but 
the only way at present known to make it so, is to use 
first-class materials and workmanship, aggregates of a 
siliceous nature, avoiding uncrystaline limestones, make 
use of ever}”- possible means to secure : — A dense im- 
pervious concrete, an absence of laitance seams and 
imperfect work joints, thorough protection of rein- 
forcement, avoidance of frost action on green concrete, 
a richer mixture for, and perfectly smooth finish to, all 
exposed surfaces, and wherever possible, to apply on 
the surface a coat consisting of one part of cement to one 
part of sand finished to a glassy surface with a steel 
trowel. 

EFFECT OF SEWAGE AND SEWAGE GASES. 

Many large concrete sewers in America, Canada, 
England and Europe have been greatly damaged by 
decomposition of the concrete causing disintegration, in 
some cases so badly as to necessitate reconstruction 
after a few years of service. The author was responsible 
for the inspection, repair and part renewal of a combined 
sewage and storm water sewer in the province of Mani- 
toba, Canada. The sewer was of egg shape section, 
varying in height from 2 feet 6 inches to 12 feet, and was 
at a depth below the surface var 3 dng from 5. feet to 20 
feet. At the time of the inspection it had been built 
four years. The disintegration varied in different parts 
of the sewer, throughout its whole length of several miles, 
from patches of an inch or two up to large areas ; in 
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Fig. 41 
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Fig. 42, 
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Fig. 43. 
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several places it had disintegrated so badly that the 
entire structure had collapsed. Many similar sewers in 
the same district had suffered as severely. Commence- 
ment of decomposition appears as a whitish crumbly 
crust on the surface ; this crust is easily rubbed off with 
the hands ; it develops into a moist light grayish mossy 
substance, and eventually into a pasty mass resembling 
slacked lime containing loose pieces of the original aggre- 
gate. The decomposition also varies with the nature 
of the stone. 

The chief cause of this decomposition is found to be the 
'excessive amount of sulphur in the sewer air, which is 
retained in the sewer for a lengthy period through lack 
of ventilation. The source of the sulphur is the hydro- 
gen sulphide which is evolved naturally from sewage 
during decomposition. The sulphurous gas is oxidized 
by the air and so forms sulphuric acid, which immediatclj’’ 
attacks the lime in the cement, and that in any un- 
crystalline limestone aggregate, converting it into 
soluble calcium sulphate. This sulphate, being of larger 
volume than the original lime, disrupts the concrete in 
forming, the action being similar to that of alkali crystals 
or repeated freezings. The resulting material gradually 
washes or crumbles away, leaving the hard aggregate 
to fall out. 

In the Manitoba sewers the disintegration in some parts 
was due to sewer gas, and in other parts to the action of 


Figs. 40, 41, 4*2 and 43 show various stages of the decomposition of a 
concrete sewer in Manitoba, Canada. 

The concrete was made of a 1 to 6 wet mixture, and contained a con- 
siderable quantity of uncrystalline limestone ; it was very porous and 
insufficiently dense to resist the penetration of moisture and the <lelotcrious. 
sewage gases. The whole sewer was badly ventilated. The sower air 
was found to contain a large proportion of carbonic acid and ammonia, and 
a small proportion of sulphurated hydrogen. The surrounding soil con- 
sisted of a plastic calcareous clay containing a small trace of alkaline 
matter, underlying about 18 inches of peaty vegetable earth in which 
there was found a trace of carbonic acid, probably generated by decaying 
vegetation and carried in by surface water. 

Note the carbonate of lime stalactites in Fig, 40, and the cracks in the 
other figures. The white coating is carbonate of lime, powdery whore dry 
and of a pasty consistency where wet. The rough patches are of a soft 
putty nature containing a few loose pieces of hard aggregate. In several 
places this sewer had entirely collapsed through weakness from entire 
disiategretion. 
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alkali from the surrounding soil, or the combined action 
of sewer gas and alkali. The concrete was very porous, 
and of an inferior material containing a considerable 
quantity of uncrystaline limestone. There was no means 
of ventilation other than the usual manholes, which were 
spaced at unusually long distances. The portion of the 
sewer sufficiently large to work in was repaired and the 
collapsed portions rebuilt. All decomposed patches were 
cut out and made good with new concrete ; the whole of 
the interior surface was thoroughly cleaned with a 15 
per cent, solution of muriatic acid and water, then well 
washed with clear water ; after which all smooth por- 
tions were hacked to provide a key for a skin coat which 
was applied about f inch thick, and consisted of one part 
Portland cement to 1| parts of clean fine sand. The 
surface being trowelled to a smooth glassy finish with a 
steel trowel. Better ventilation was also provided. 

At the time of an inspection made by the author, six 
years after the repairs were finished, it was evident that 
the treatment was quite satisfactory, there being no 
signs in the interior of further disintegration of the por- 
tion so treated. 

During the same period as that of the above examples, 
considerable concern was occasioned by the disintegra- 
tion of a large semi-elliptical sewer in Chicago. This 
sewer was about 12 feet wide and about 16 feet high, 
with the concrete 12 inches thick at the sides and crown ; 
it had been built about seven years. The section where 
the destruction was particullary studied was a stretch 
of about 500 feet extending from the mouth of the sewer 
on the drainage canal. The concrete about the mouth 
was hard and dense ; a few feet inwards it began to show 
thin patches of a white powdery crust ; further in this 
crustation rapidly assumed the character of disintegra- 
tion given way to a surface of loose gravel, held in a wet 
muddy matrix like lime putty, but apparently only above 
the water-line, that below being smooth and hard. An 
analysis, by the Kansas City Testing Laboratory, of the 
concrete taken from the top part of the sewer is given 
in the following table. 
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ANALYSES OF DECOMPOSED CONCRETE IN A CHICAGO 

SEWER. 


Moisture . . 

Loss on Ignition . .. 
Silica (Si 02 ) 

Iron (Fe 203 ) . - 

Alumina (AI 2 O 3 ) 
Lime (GaO) 
Magnesia (MgO) . . 
Sulphur (SO 3 ) 


Water soluble 


Sound Concrete 
Percentage. 

2 13 
19 IS 
36 38 

3-53 
9-04 
23 30 

3 38 
2-37 


Decomposing Concrete 
Percentage. 

4 12 
20 *2 1 
30 -75 
1 ‘32 
6 40 
17 30 
3 49 
1 6 (>2 


100 00 100 00 

5 12 28 96 


Sulphur in 200 mesh material from decomposing concrete 46*30% 
Sulphur in -J-inch material from decomposing concrete 11 44% 


A comparison shows that the concrete had absorbed 
about six times its original content of sulphur, or prob- 
ably more, as the sound concrete tested was not entirely 
free from the whitish crust. The moisture and organic 
matter had naturally increased ; the other items had 
naturally decreased proportionately owing to the large 
increase in sulphur. Some of the lime which had 
changed into soluble sulphate had evidently washed away. 
The decomposition was thought by some to be due to 
alkali in the soil surrounding the sewer leaching through 
the concrete. The soil was found to contain about 0-1 
per cent, sulphates of magnesium and calcium, which 
amount was considered to be enough to affect the con- 
crete if concentrated by evaporation. This theory, 
however, could not be accepted, as it would not account 
for the circumstances that in the part of the sewer under 
street pavements properly drained by the usual catch- 
basins and vetrified pipe to the sewer, and where the 
opportunity for evaporation is small, the disintegration 
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was much further advanced than in that part of the 
sewer under the lawns and other locations where the rain 
could more easily seep through to the concrete, and 
where fresh air has more access to the interior of the 
sewer for evaporation, also for the fact that the sew^er 
below the water-line had remained in good condition. A 
sample of the atmosphere taken from just under the 
sewer crown and about 150 feet from the mouth, showed 
2-45 mg. of sulphur per litre of air, equivalent to 0-17 
per cent, by volume in the form of sulphur dioxide or 
hydrogen sulphide, which quantity is found to be 
sufficient to be very' active chemically. The sewage 
carried was most unusual in character, it included more 
than half of the entire waste from the packing-house 
district of the Chicago stockyards, and was ver}' highly 
septic. The sewer formed an outlet from a creek to the 
main channel of a branch of the river ; the sewage before 
reaching the sewer was detained in this creek for a period 
of probablj' 36 to 48 hours ; it was therefore considered 
that the sewage on reaching the sewer must often have 
been very full of hydrogen sulphide. No special means 
of ventilation had been provided. The investigation of 
this case resulted in the same conclusions as was drawn 
in the Manitoba and other cases of disintegration of 
sewers, which include the following : — ^With a sulphur 
content sufficiently high the sewage will throw off gases 
which, when mixed with the oxygen of the air and in the 
presence of moisture, form an acid sufficiently strong to 
attack concrete that is in any way of inferior quality, 
either in workmanship or materials. To resist the de- 
composing action the concrete must be of first quality, 
dense and non-porous throughout, with a smooth hard 
and impervious surface. Good ventilation must be 
provided so that there will be a good current of fresh air 
always drawing through the sewer ; this is particularly 
necessary where the sewage is made up largely of trade 
wastes. Numerous sewers in America, Canada, England 
and Europe have been made of such concrete, and after 
being in use many years show no signs whatever of de- 
composition. 



62 PRACTICAL DESIGNING IN REINFORCED CONCRETE 


ADVANTAGES OF CONCRETE FOR SEWERS. 

Particular advantages of monolithic concrete over 
brick for sewer construction are : — It is lower in cost, 
about 10 to 15 per cent. ; it may be moulded to any form 
desired ; the thickness can be varied as often as desired 
to suit pressures and local conditions ; the natural earth 
under the sewer is not disturbed and as the concrete fills 
all irregularities in the soil a better foundation is ob- 
tained ; the structure can be made to develop strength 
when subject to strains not predetermined ; it can be 
made impervious by using carefully selected materials 
and care in mixing and placing, and a smoother surface 
is obtained through the illimination of joints resulting 
in a higher capacity. 


CEMENT. 

The quality of the Portland cement is of the utmost 
importance. Architects and engineers generally specify 
it to at least comply with the requirements of the stand- 
ard specification of the leading national engineering 
institute or material testing society. In America it is 
known as the specification of the American Society for 
Testing Materials ; in England, the British Standard 
Specification ; in Canada, the Specification of the 
Engineering Institute of Canada. 

No particular brand should be accepted without being 
subjected to a number of careful laboratory tests for 
fineness, time of setting, expansion, compression and 
tension. Some specifications also call for specific 
gravity, and sulphuric acid and magnesia tests. The 
expansion and compression results are the most impor- 
tant, but owing to the greater difficulty in carrying out 
compression tests than tension tests it is most usual to 
accept on the tension tests. It is, however, found that 
the tensional resistance of a cement bears a certain 
relation to its compressional resistance ; therefore a 
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cement with a satisfactorj’- compressional resistance can 
be selected ; then the tensional resistance of the same 
cement determined, and this specified for the tension 
acceptance tests of each delivery. 

A good quality of cement for reinforced concrete work 
should at least comply with the following conditions : — 

(1) Fineness. — residue of not more than 8 per cent, 
by weight shall be retained on a 100 mesh sieve, and not 
more than 22 per cent, on a 200 mesh sieve. 

(2) Time of Setting. — It shall not develop initial set 
in less than 45 minutes when the Vicat needle is used, or 
60 minutes when the Gilmore needle is used. Final set 
shall not be attained in less than 3 hours nor more than 
10 hours. 

(3) Expansion. — ^This is sometimes called “ Con- 
stancy of Volume.” The description of this will depend 
upon the method of testing. A common and convenient 
method is that known as the pat test, which may be 
described as follows : — Pats of neat cement, about three 
inches in diameter, half an inch thick in the center, 
tapering to a thin edge, shall be kept in moist air for a 
period of 24 hours, then subjected to the following 
tests. 

(a) A pat shall be kept in air at a normal temperature, 
and observed at intervals during a period of at least six 
days. 

(b) A second pat shall be kept in water maintained at 
a temperature, of as near as possible, 70 degrees F ., and 
observed at intervals during at least six days . 

(c) A third pat shall be exposed in an atmosphere of 
steam above boiling water, in a loosely closed vessel, 
for five hours. 

To be satisfactory these pats should be firm and hard, 
and show no signs of shrinkage, cracking, distortion or 
disintegration, at the end of the testing period. 

(4) Compression. — One day kept moist, and six days 
in water, neat cement to be 3,700 lb. per square inch, for 
three parts standard Ottawa sand and one part cement, 
2,500 lb. per square inch. 

One day kept moist, twenty-seven days in water, neat 
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cement to average 5,200 lb. per square inch, or 10 per 
cent, increase after the seven days ; that of three parts 
sand and one part cement to average 3,000 lb. per square 
inch. 

(5) Tension. — One day kept moist and six days in 
water, neat cement to average 500 lb. per square inch ; 
for three parts of Ottawa sand and one part cement, 
200 lb. per square inch. 

One day kept moist and twenty seven days in water, 
600 lb. per square inch, that of three parts sand and one 
part cement to average 300 lb. per square inch. 

In some specifications the tensile strength for neat 
cement is now omitted ; as the cement is not used neat 
in actual work, this test is considered to be of less value 
than the sand test. Some engineers specify the tests 
to be made with the actual sand that is to be used on the 
works. The allowable stresses for designing are deter- 
mined accordingly. 

(6) Specific Gravity. — ^The specific gravity of the ce- 
ment should be not less than 3-10 ; should the test fall 
below this requirement it is sometimes specified that a 
second test may be made on a sample ignited at a low 
red heat ; the loss in weight of this ignited cement is not 
to exceed four per cent. 

(7) Sulphuric Acid and Magnesia. — ^I'he cement shall 
not contain more than two per cent, of anhydrous sul- 
phuric acid (S03), nor more than five per cent . of magnesia 
(MgO). 

Every consignment should be tested, and if not up to 
the acceptance standard it should not be allowed on the 
job. 

A good lock-up shed should be provided on the job 
for storing the cement, and only such quantities should 
be stored as can be used within two weeks after the time 
of testing. On no account should the cement be exposed 
to the air by spreading it out on a floor or in any other 
way. If it has passed the specified tests it is fit for 
immediate use, and further exposure, especially with the 
unfavourable conditions existing on building works, is 
petrimental to its strength. 
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REINFORCEMENT. 

Care must be exercised in placing the bars, which must 
be in exact accordance with the specifications and draw- 
ings, as a slight error, either in the size, distance apart, or 
depth below the surface of the concrete, may lead to 
serious results. 

The metal used should be mild steel, with an ultimate 
strength of not less than 60,000 lb. per square inch, and 
the yield point between 50 and 60 per cent, of the ulti- 
mate strength. Steel is, however, rolled with an ulti- 
mate tensile strength up to 105,000 lb. per square inch ; 
consequently, with a factor of safety of four on the 
ultimate strength, the working stress may be any value 
between 15,000 lb. and 26,250 lb. per square inch, accord- 
ing to quality. The usual allowance is 16,000 lb., or at 
most 17,000 lb. per square inch. 

There is no advantage in using a high carbon steel or 
one that will develop a higher tensile resistance than 
70,000 lb. per square inch, unless the yield point is 
correspondingly high, and this cannot be relied upon 
with steel above this strength. 

The working stress for both steel and concrete should 
be estimated from their yield points, for these are really 
the critical points, if it is reached in one before it is 
reached in the other, fracture of the concrete will occur 
through the adhesion of the concrete to the steel being 
destroyed ; therefore, the working stress should be 
governed by these limits ; it is, however, usual to esti- 
mate from the ultimate resistances, which is done in this 
work to conform with ordinary practice, but the yield 
point should be specified to be at least 50 per cent, of its 
ultimate tensile resistance. 

No welding should be allowed, for in this there is 
danger of the sectional area being diminished, and of 
imperfect welds that are often most difficult to detect. 

F 
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The partition wall andlceiling’of^aVater'tank showing cracking and spalling of the concrete, due to corrosion 
of the steel, after 12 years of service/ In places the surface of the bars were not more than J-inch from the face of 
the concrete. No defects appeared below the water line. 
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Deformed Bars. — There are many varieties of deformed 
steel bars manufactured, especially for reinforced con- 
crete work. The object of these is to supplement the 
adhesion of the concrete to the steel by a mechanical 
bond ; due to the shape of the bar, the computations, 
however, in this work, are based on plain bars. See 
information under “ Adhesive Stress.” 

ADDITIONAL INFORMATION AND DATA FOR DESIGNING. 

For warehouses, factories, or large buildings, the floor 
slabs should be not less than five inches thick, including 
not less then | inch of concrete under the reinforcement. 
For lighter buildings the floor slabs maj' be as thin as 
four inches, including not less than | inch of concrete 
under the reinforcement. Beam reinforcements should 
have a bottom cover not less than 1 inch, or less than the 
diameter of the rods ; in no case is more than 2 inches 
necessary for beams under ordinary conditions ; at the 
sides the cover must be not less than 1 inch, and need not 
exceed 1 J inch. For columns, the cover must not be less 
than inch, or less than the diameter of the vertical 
rods, if these should be more than inch. In footings, 
the steel should have not less than a 2-inch cover. All 
angles of the concrete should be splayed or rounded, as 
shown by the forms. Figs. 20 and 21, for sharp angles are 
easily injured, and spall off under heat. 

The diameter, or least thickness of longitudinal rods 
in beams, and rods in slabs, should not be less than 
i inch ; for any other reinforcement in beams the least 
diameter, or least thickness, must not be less than ^ inch, 
and in slabs 1/10 inch. Reinforcement in the form of 
mesh must be sufficiently open for the coarse material 
to pass through. Compressive reinforcement should be 
anchored by stirrups, or otherwise, to f the depth of the 
beam ; the anchors should not be further apart than 24 
diameters of the reinforceing rods. Rods must not be 
further apart than 12 inches, or nearer together than 
double the diameter of the rods, in no case nearer than 
one inch. Rods which cross or lap should be wired 
together with soft wire. For length of lap see page 193. 
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Small rods fairly close together are better than large 
rods far apart, especially so in fire-resisting structures. 
In floor slabs, and similar work, rods about four inches 
apart are better than rods of double the sectional area 
placed 8 inches apart ; the concrete affords better pro- 
tection, expansion and contraction of the materials will 
be minimized, and more uniformly distributed, and the 
adhesion area of the steel will be greater, thus affording 
greater resistance to the shearing action that takes place 
around the bars. 

The surface of the steel should be clean and free from 
scale, and must not be galvanized, or coated with oil 
paint, tar or oil, but Portland cement wash may be used, 
which will assist in preventing oxidation, and will im- 
prove the adhesion between the concrete and steel. 


WATERPROOFING. 

If the structure is to be exposed to water, or to soil 
permanently wet, special precautions must be taken to 
prevent the moisture penetrating sufficiently to come into 
contact with the steel, for the reason explained on page 
70. There are many so-called waterproof compounds 
manufactured for this purpose, some being applied as a 
surface wash ; these are nothing more than temporary 
preventatives ; others are mixed with the concrete, 
some of which appear to be fairly satisfactory, but they 
have not been in use long enough for their durability 
to be known. 

According to a report of a committee of the American 
Society of Testing Materials, after extensive tests and 
laboratory experiments with properly selected and 
graded aggregates in mixtures ranging from 1 cement, 
2 sand, and 4 stone, to 1 cement, 3 sand, and 6 stone ; a 
watertight concrete can invariably be produced. Even 
with sand of poor granulometric composition in mixtures 
of 1 cement, 2 sand, and 4 stone, permeable concrete is 
seldom found, and is very rarely, if ever, found with a 
1-2-6 mixture. But in spite of this it is a fact that in 
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actual construction permeable concrete is quite common, 
even with a 1-2-4 mixture. This permeability the com- 
mittee attributed to the following : — 

(1) Defective workmanship, resulting from improper 
proportioning, lack of thorough mixing, separation of the 
coarse aggregate from the fine aggregate and cement in 
transporting and placing the mixed concrete, lack of 
density through insufficient tamping or spading, and 
improper bonding of the work joints, etc. 

(2) The use of imperfectly sized and graded aggregates. 

(3) The use of excessive water, causing shrinkage 
cracks and formation of laitance seams. 

(4) The lack of proper provision to take care of ex- 
pansion and contraction, causing subsequent cracking. 


INTEGRAL TREATMENT. 

The foregoing mentioned committee further investi- 
gated a sufficient number of the special water-proofing 
compounds on the market, as well as the use of certain 
finely divided mineral products, such as finely ground 
sand, colloidal clays, hydrated lime, etc., for the purpose 
of forming a general idea of the value of the different 
types ; the report on these was as follows : — 

(1) The majority of patented and proprietory com- 
pounds tested have little or no immediate, or permanent, 
effect on the pemeability of concrete, and that some of 
these even have an injurious effect on the strength of 
mortar and concrete in which they are incorporated. 

(2) In view of their possible effect, not only upon the 
early strength, but upon the durability of concrete after 
considerable periods, no integral water-proofing material 
should be used unless it has been subjected to long-time 
practical tests, under proper observation, to demonstrate 
its value, and unless its ingredients and the proportion in 
which they are present are known. 

(3) The permanent effect of such integral water- 
proofing additions, if dependent on the action of organic 
compounds, is very doubtful. 

(4) In general, more desirable results are obtained from 
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inert compounds acting mechanical^ than from active 
chemical compounds whose efficiency depends on change 
of form through chemical action after addition to the 
concrete. 

(5) Void-filling substances are more to be relied upon 
than those whose value depends on repellent action. 

(6) Assuming average quality as to size of aggregates 
and reasonably good workmanship in the mixing and 
placing of the concrete, the addition of from 10 to 20 per 
cent, of very finely divided void-filling mineral sub- 
stances may be expected to result in the production of 
concrete which under ordinary circumstances of exposure 
will be found impermeable, provided the work joints are 
properly bonded, and cracks do not develop on drying, 
or through change in volume due to atmospheric changes, 
or by settlement. 

External Treatment. — It is found that in large work, 
no matter how carefully the concrete has been made, 
cracks are apt to develop, due to shrinkage in drying out, 
expansion and contraction under change of temperature 
and moisture content, and through settlement. It is 
therefore often advisable on important work to antici- 
pate and provide for the possible occurrence of such 
cracks by external treatment with a protective coating. 
Such coating must be sufficiently elastic and cohesive 
to prevent the cracks extending through the coating 
itself. The application of merely penetrative void- 
filling liquid washes will not prevent the passage of water 
due to cracking of the concrete. The committee, there- 
fore, divided surface treatment into two heads : 

(1) Penetrative void-filling liquid washes. 

(2) Protective coatings, including all surface applica- 
tions intended to prevent water from coming into con- 
tact with the concrete. 

While some penetrative washes may be efficient in 
rendering concrete water-proof for limited periods, their 
efficiency may decrease with time, and it may be neces- 
sary to repeat such treatment. The committee expressed 
its belief that the first effort should be made to secure 
a concrete that is impermeable in itself, and that pene- 
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trative void-filling washes should only be resorted to as a 
corrective measure. 

While protective extraneous bituminous or asphalt 
coatings are unnecessary, so far as the major portion of 
the concrete surface is concerned, provided the concrete 
is impermeable, they are valuable as a protection where 
cracks develop in the structure. The committee there- 
fore recommended that combination of inert void-filling 
substances and extraneous water-proofing be adopted in 
especially difficult or important work. 

Bituminous or Asphaltie Coatings. — Considering the 
use of bituminous or asphaltic coatings, the committee 
found that : — 

(a) Such protective coatings are subject to more or 
less deterioration with time, and ma}’' be attacked by 
injurious vapours, or deleterious substances in solution 
in the water, coming in contact with them. 

(b) The most effective method for applying such pro- 
tection is the setting of a course of impervious brick, 
dipped in bituminous material, into a solid bed of 
bituminous material or the application of a sufficient 
number of layers of satisfactory membraneous material 
cemented together with hot bitumen. 

(c) Their durability and efficiency are very largely 
dependent on the care with which they are applied. Such 
care refers particularly to proper cleaning and prepara- 
tion of the concrete to ensure as dry a surface as possible 
before application of the protective covering, care should 
also be taken in the lapping of all joints of the mem- 
branous layers, and their coating with the protective 
material. 

So far the committee had considered only concretes 
of the unusual proportions, viz., those ranging from 1 
cement, 2 sand, and 4 stone, to 1 cement, 3 sand and 6 
stone. It was suggested that impermeable concretes 
could be assured by using mixtures richer in cement. 
It was also suggested that the presence in the cement of a 
larger percentage of very fine flour might result in the 
production of a denser and more impermeable concrete, 
through the formation of a larger amount of colloidal cells. 
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In conclusion the committee pointed out that no addi- 
tion of water-proofing compounds or substances could 
be relied upon to completely counteract the effect of 
bad workmanship, and that the production of imper- 
meable concrete could only be hoped for where there is 
determined insistence at all times on good workmanship . 

THE AUTHOR’S CONCLUSIONS. 

As a result of many years’ experience, extensive experi- 
ments, tests and observations of existing structures, the 
author has concluded that the most satisfactory results 
are obtained by using a high-grade cement ground ex- 
tremely fine, a plastic consistency without an excess of 
water, the face of the work richer in cement, sand con- 
sisting of irregular size grains and in quantity a trifle 
more than required to fill all the voids in the coarse 
material, the whole aggregate mixed and deposited as 
explained on page 30. Small rods should be used and 
placed not nearer the surface than 1 J inches, and wired 
to distribution bars placed not further apart than i8 
inches, and after the forms are removed, render, if possi- 
ble, the surface with a \ inch coat of fine stuff, con- 
sisting of one part of cement to one part of clean fine 
sand, to which is added 5 per cent, of hydrated lime to 
the weight of cement run and passed through a fine 
sieve ; finish by trowelling off with a steel float to a 
smooth glassy surface. Work of this description will 
permanent^ resist the penetration of water to the steel 
under a very considerable pressure. 

Hydrated lime is a flucculent powder produced by 
slacking quicklime under standardized factory condi- 
tions ; after being wetted it loses its granular character 
and is converted into a smooth paste ; its use increases 
the mobility of the concrete, reduces the possibility of 
visible physical defects, acts as a void-filler, will cause the 
concrete to slide down the chute at a smaller angle, and 
the concrete will fill the forms more perfectly and will 
surround the reinforcement more closely. It slightly 
retards the drying of the concrete which is often an 
advantage. 
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Apart from the above method the only satisfactory 
treatment is to apply on the surface, if permissible, if 
not, and if practicable, within the thickness of the con- 
crete, i inch of good asphalt sufficiently elastic to resist 
without cracking the expansion and contraction to 
which it will be subjected. 

ESTIMATING LOADS. 

In estimating the load to be carried by any structure, 
the weight of the structure itself must be taken into 
account together with the superimposed load, and an 
allow^ance that may be considered necessary to provide 
for vibration or shock, likely to be caused by moving 
machinery, traffic or wind. 

The weight of reinforced concrete may be taken as 
follows : — 

Gravel or stone , .. . 150 lb. per cubic foot 

Slag or brick ... . , 140 lb. „ 

Cinder or coke-breeze . . 130 lb. ,, 

Floors should be designed for the followdng loads, 
which include sufficient to take care of vibration, but to 
which must be added the weight of the floor itself. 

lb per sq. ft. 


Dwelling houses . . 50 

Asylum and hospital wards, lodging-house and hotel 

bedrooms, schools, stairways, flats and apartments .... 75 

Offices, banks and hotels 100 

Churches, concert lecture and reading rooms, retail shops 
and general stores, workshops, stables and coach-houses, 

foot-bridges . 115 

Public assembly halls, music halls, theatres and corridors 

of public buildings . . . - 125 

Museums, ball-rooms and drill-halls 150 

Factories, with special strengthening where required for 

machinery, libraries, book-stores and warehouses .... 200 

Wind on vertical surfaces in towns or fairly sheltered 

positions 30 

Wind on vertical surfaces in exposed positions . . . . 45 

Roofs of less than 20 degrees pitch, exclusive of weight 

of structure ... —* - - 30 


Roofs over 20 degrees pitch, weight of structure plus 
an allowance for snow and a horizontal wind pressure of 
45 lb. per square foot. 

For buildings of more than two stories, exclusive of 
warehouses and such buildings as are likely to have all 
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their floors loaded at the same time, the loads for the 
floors, columns, walls, etc., at different levels may be 
estimated as follows ; — For the roof and topmost storey, 
the usual full load to be taken ; for the second store}’" 
below the top, 10 per cent, less than the usual full load ; 
for the third storey below the top, 20 per cent, less ; and 
so on by increments of 10 per cent, per storey until the 
reduction amounts to 50 per cent, of the usual load, 
after which no further reduction shall be made, but 50 
per cent, taken for the remaining stories. 

Although the above specified loads and reductions are 
safe amounts to use in designing, it is advisable for the 
designer to consult the building ordinance of the district 
where the building is to be erected, as most of these 
specify the loads and the permissible reductions for that 
particular district. 

Test Loads. — No weight approaching the working load 
should be allowed on a structure, after the supports have 
been removed, until at least four weeks from the time 
the concrete was deposited in place. No test load should 
be applied until at least eight weeks from the time the 
concrete was deposited in place, and it should then not 
exceed times the load for which the structure was 
designed, or If times the load at the end of four months. 
At no time must a test load be sufficient to cause the 
stress in the steel to exceed threequarters of its yield 
point value. The deflection, w-hile supporting the test 
load, should not exceed 1 /600th of its span. 

The concrete is not to be used in tension, although when 
perfect it is capable of resisting about 200 lb. per square 
inch, it cannot be depended upon, as a slight crack will 
entirely destroy this resistance. Apart from this, 
structures are generally designed to resist from 80 to 100 
times as much tension as the concrete will take ; conse- 
quently, when the structure is carrying its full load the 
concrete in the tension area is comparatively useless. 

DATA FOB DESIGNING. 

In order to design a beam, or -to determine the strength 
of an existing beam, the following data are required : — 
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(a) Working stresses of the materials, per square inch, 
which may be taken as follows, the values being con- 
sidered as one-fourth of the average ultimate resistances, 
the concrete being a 1-2-4 gauge : — 



Compression 

Shear 

Adhesion to 
Steel 

Stone, gravel and selected slag 
concrete 

600 Ib. 

60 lb. 

100 lb. 

Brick, average limestone, and 
ordinary slag concrete 

500 lb. 

50 lb. 

80 lb. 

Coke - breeze and cinder con- 
crete . 

250 lb. 

25 lb. 

35 lb. 

Steel . . 

Tension 

16 000 lb. 

Shear 

12 000 lb. 



(b) The ratio of the moduh of the elasticity' of steel 
and concrete, which equals the modulus for the steel 
divided by the modulus for the concrete, equals 
Es 

— =m. The following moduli are in lbs. : — 

Stone, gravel, and selected slag m = 30 000 000 =15. 

2 000 000 

Brick, average limestone or slag m = 30 000 000 =18. 

1 660 000 

Coke breeze and cinder m =30 000 000 =30. 

1 000 000 

Further information for designing is given under 
“ Principles of Design,” and with various examples 
throughout this work. 

PRINCIPLES OF DESIGN. 

For an explanation of the symbols used throughout 
this work, refer to list at end of book. 

In designing the chief consideration is strength ; this, 
however, should always be considered together with 
economy. Economy in design has sometimes to be 
considered from two points of view, the engineering and 
the architectural, which points will not always coincide. 
The most economical engineering structure would have 


76 PRACTICAL DESIGNING IN REINFORCED CONCRETE 

a certain arrangement of beams, slabs and columns, all 
spaced and proportioned in the most efficient manner, 
and with a definite percentage of reinforcement, all 
determined with due regard to the loading, and with a 
view to obtaining the strongest, most satisfactory and 
cheapest structure. But if these engineering points 
were the only ones considered by the architect, the result 
in some cases would be very uneconomical . The engineer- 
ing structure may be considered either a plain mass 
or a skeleton framework devoid of architectural embel- 
lishments. The architectural structure is the engineer- 
ing structure made more presentable by the addition of 
fittings and embellishments. Economy on the engineer- 
ing side is purely structural and, in a building, is 
attained by keeping the floor slabs thin, by a free use of 
beams or columns, and by keeping the beams thin and 
deep, also by graduating the columns in size according 
to their different loads . This from an architectural point 
of view might turn out very uneconomical as it might 
involve so much additional finishing in the way of 
cornices and other details, also extra expense to secure 
sufficient light and ventilation than would be the case if 
thicker slabs with fewer and more shallow beams were 
used. Therefore, if we wish to design economi^l 
structures there are many factors to be considered, tKe 
most important of which are those that influence all 
structures and should be considered by both the architect 
and engineer. They are as follows : — 

(1) The ratio of breadth to depth of beams. 

(2) The percentage of reinforcement. 

(3) The general arrangement, ocila-jjroutj.of beams and 
columns. 

With regard to the first factor, the most economical 
section for rectangular beams is when the breadth is one- 
third of the depth ; but this gives a rather deeper beam 
than is desirable for most purposes. To have less depth 
.„means an increase of width, which would be placing the 
concrete in a less effective position ; consequently, a 
larger section would be required ; the increase in volume 
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and cost, however, is very slight until the width exceeds 
six-tenths of the depth, which is a good proportion for 
general purposes, and is about the proportion largely 
adopted . 

Beams with double reinforcement are seldom as eco- 
nomical as beams with single reinforcement, whether 
they are so or not depends upon the ratio of breadth to 
depth, the percentage of steel, and the ratio of top rein- 
forcement to bottom reinforcement. The depth of a 
beam with double reinforcement is less than the economic 
depth, or less than would be required if a beam with 
single reinforcement were used. Top reinforcement is 
added to assist the concrete in taking the compression, 
owing to the section of the beam, for some reason, having 
to be kept down, thus providing insufficient concrete 
to take all the compression. But compressive reinforce- 
ment is always very lightly stressed, seldom to more than 
7,500 lb. per square inch ; consequently^, a compara- 
tively large proportion of steel is required to make good 
for a small decrease in the beam depth. 

Regarding the second factor, i.e., the percentage of 
reinforcement, attention to which is of the utmost im- 
portance for great waste is often occasioned through an 
excess of steel being used. There is a certain percentage 
of 'Steel to concrete that will give the most economic 
section ; it is the amount that will allow both the steel 
and concrete to be stressed to their allowable limits at 
the same time ; for instance, if the allowable unit stress 
in the steel is 16,000 lb., and that for the concrete 600 lb., 
which are the usual values, the concrete and steel should 
be so proportioned as to allow, these stresses to exist 
when the structure is fully load^ ; we then get the full 
value out of each material. If one of the materials is 
understressed it means there is an excess of that material, 
and consequently a waste. Now for different classes of 
concretes there will be different percentages of steel 
required to give the desired result. The difference will 
depend on the ratio of the moduli of elasticity of the 
various concretes and the steel. For hard stone, granite, 
or gravel concrete, this ratio is 15, for which the economic 
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percentage of steel is, for the above allowable stresses, 
0-675. For brick, or slag concrete the ratio is 18, and 
the steel percentage is 0-585. For cinder concrete the 
ratio is 30, and the steel percentage 0-25. See further 
information under Beam Design. From this it follows 
that in a beam, retaining wall, or any part of a structure 
under a bending stress, built of hard stone concrete, if 
single reinforcement is used, the sectional area of the 
steel should be 0-675 per cent, of the sectional area of 
the concrete. If there is more than this it cannot 
be fully stressed unless the concrete is overstressed, 
the excess is therefore waste. If there is less than 
0-675 per cent, the concrete cannot be fully stressed 
unless the steel is overstressed. The reason of this 
is as follows : — In any structure under a bending stress 
the tension and compression are equal, and the tension 
at any distance from the neutral axis is equal to the 
compression at the same distance the other side of 
the axis ; also, the stress in the steel at any point is 
equal to the stress in the concrete at the same point, 
or at the same distance from the neutral axis of the 
beam, multiplied by the ratio of elasticity. Therefore, 
if the ratio is 15, the stress in the steel is 15 times as much 
as the stress in the concrete immediately surrounding it, 
and it cannot be stressed more under any consideration 
unless the stress in the concrete is increased. This is 
why compressive reinforcement in doubly reinforced 
beams is always so much understressed. 

The elastic properties of the materials and how the 
stresses are affected thereby, is a very important con- 
sideration, and should be thoroughly understood before 
proceeding with the study of designing. 

As a simple example in further consideration of this 
elasticity problem, refer to Fig. 45, which represents a 
block of concrete with steel rods embedded therein, 
similar to a column, and the whole perfectly level on the 
top. If a pressure be gradually applied, evenly dis- 
tributed over the concrete and steel, and the elasticity 
of the steel is 15 times that of the concrete, there will be 
15 lb. on every square inch of steel when there is -1 lb. 
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pressure on every square inch of concrete ; this is , . 

it takes 15 times as much to overcome the elasticity 
bring full effect on the steel as it does to bring full effedt ^ 
on the concrete ; consequently, the weight in pounds 
required to stress the whole of the concrete to 1 lb. per 
square inch, will be 1 lb. for every square inch of con- 
crete, plus 15 lb. for every square inch of steel. 

From the foregoing statement it is evident that if the 
axis is at the half-depth, so that the steel is the same 
distance below the axis as the extreme edge of the con- 
crete is above it, the stress in the steel will be 15 times as 



much as the stress in the top of the concrete ; which is 
little more than half its limit ; therefore, as the steel 
takes all the tension, much more steel is required than if 
it could be higher stressed, but to be so it must be further 
from the axis ; the exact distance will depend upon the 
ratio of elasticity, and the allowable unit stresses. The 
higher the steel is stressed the less steel will there be 
required to take the whole of the stress with the same 
quantity of concrete, and the further will the steel be 
from the axis. From this it follows that for the steel 
and concrete to be fully stressed to their respective limits 
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centas-'^^^^ axis must be somewhere above the half- 
Q .075 m, or further from the steel than from the compression 
'u'rface, to which it approaches as the stress in the steel 
increases. Therefore, the position of the axis varies 
according to the value of the ratio of elasticity and to the 
proportion of steel to concrete. From this we see the 
error of the early designers of reinforced concrete in 
assuming the axis to be at the half-depth, we also see that 
for the steel to be stressed to a given amount it must be 
at a definite distance from the axis, and of a certain 
sectional area, also that a definite area of steel is required 
to enable definite stresses to be developed in both the 
concrete and steel. 

Knowing the foregoing fundamentals, there is not 
much difficulty in designing a beam. We know the 
factors which govern the position of the neutral axis, we 
also know how the stresses vary with the depth, and that 
all the compression is taken by the concrete above the 
axis, and all the tension by the steel below the axis. 
With this knowledge it is only a simple mathematical 
problem to design a formula whereby we can determine 
the section of a beam that will contain sufficient concrete 
above the axis to take the compression ; after which we 
have only to add the known percentage of steel. 

In doubly reinforced beams the proportion of steel to 
concrete increases as the ratio of the compression bars 
to the tension bars increases. When the compression 
and tension bars are equal, and the allowable stresses 
are 600 lb. for the concrete, and 16,000 lb. for the steel, 
the economic percentage, for either compression or 
tension bars, is 1 -08, or 2T6 for the whole reinforcement. 
This class of beam can be designed in a similar manner 
to beams with single reinforcement ; for which see 
examples of beams with double reinforcement. 

BEAM DESIGN. 

With all beams the moment of resistance at any point 
must equal the bending moment at the same point, and 
the total compression 'will equal • the total tension. 
Referring to Fig. 4g_, the compression area is all that 
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portion above the neutral axis, it equals b n. The whole 
of this area is stressed, but the intensity is greatest at 
the top, and diminishes as the depth diminishes, to nil 
at the axis, as shown b 3 ’' the shaded portion ; the total 
compression can therefore be compared to this shaded 
portion. Hence, if c equals the compression at the top, 
the total compression will equal i of c multiplied by b n . 
The compression at anj" depth can be determined bj- 
proportion, as it varies as the width of the shaded tri- 
angle. Therefore, two-thirds from the neutral axis to the 
top, the compression will equal f c, half wa^' up, J c, f up, 
i c, etc. Or we may sa^^ : — ^The compression per square 
inch at any distance above the neutral axis will be to the 
maximum compression as the width of the triangle at 
that distance is to the width c. Now let c' equal the 
compression at a certain distance x above the axis, then 

: c : X :n ] hence c* =— > which is a useful equation 
for future work. 

The total tension will equal the tension per square 
inch in the steel multiplied bj’" the sectional area of the 
steel ; it therefore equals t a. 

The resistance of a beam to the external bending 
moment will be the total compression multiplied by the 
distance of its center from the neutral axis, plus the total 
tension multiplied by the distance of its center from the 
neutral axis. The center of compression will be at the 
center of gravity of the shaded triangle, Fig. 46 ; it 
equals | n from the neutral axis. The center of tension 
is at a distance x' , equal to d — n from the neutral axis. 
Hence the full resisting moment equals : — 

c b n 2 n . , , j s, c b , 

— — t U \d Vl) — — ; t CL [d H), 

Z O o 

This, then, must equal the external bending moment 
M. It is not, how’ever, a very convenient equation for 
designing, as it contains so many missing factors ; it 
greatly simplifies the calculations if we take the moments 
of resistance about a line through the center of the 
respective forces, i.e., through th^center of the steel, 

G 
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and \ from the compression surface ; the lever arms will 

then be equal, and, as the total compression equals the 
total tension, the moments of each will be equal, and 
each will also equal the external bending moment. This 
can be shown from the foregoing equation, as follows : — 

M -\-t a {d — n). Now as the total tension, t a, 

2 3 

, , , . c b n 

equals the total compression ■, we can say : 

n *■ c b w 2 c b vt I j \ L. " 1 1 

M = -Tr") ' which equals 

2 o 


cb n (‘I n 
“ 2 “ 



+ d— n 



Now, 


and 2CS, t a = 


-\-d- — n —d — y n ; hence, 
^ f ” by substitution we 


also get 


M-ta (^— I). 


Therefore, the moment of 


c J} yi 

compression will be, — — 



and the moment of 


tension, ta {d — Now to determine the strength of 

an existing beam we have to find the bending moment 
it will resist, and from this determine the load ; for this 
purpose we can use the equation : — 


lA-t a 



or M = 


c b n 



but in either of these 


we have unknown factors, t, c, and n, two of which must 
be determined bdfore we can use either equation. 

In a rectangular beam of homogeneous material the 
neutral axis, n, is at half the depth, and the tension and 
compression are equal at equal distances from the axis. 
In such cases it is only necessary for us to fill in the maxi- 
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mum allowed value of either c or t, and we can at once 
determine the moment of resistance, which equals the 
bending moment ; but in a reinforced concrete beam we 
cannot do this as the axis is seldom at the half-depth, 
and owing to the steel being stronger than the concrete 
and its modulus of elasticity higher, it will require a much 
greater stress to stretch, or compress, it to the same ex- 
tent as the concrete. Consequently, the stresses in^the 
concrete and steel are not equal at equal distances from 
the axis ; the difference will depend on m, i.e., the ratio of 



Fig. 46 . 


the moduli of elasticity of the concrete and steel ; see pre- 
vious explanation. 

Referring to Fig. 46, if x' equals n, the neutral axis will 
be at half the depth and the stress in the steel will be m 
times c. If x' equals 1 1 times n, the stress in the steel will 
be 1^ times c multiplied by m. Hence, the stress in the 
oc ^ 

steel will equal — times c m, and as x' equals d — n we 
^ n 


may say, the stress in the steel, equals cm 


— n\ 
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consequently, the stress in the concrete will be to 
the stress in the steel as the distance from the com- 
pressive surface to the neutral axis is to the distance 
from the steel to the neutral axis multiplied by the ratio 
of the moduli of elasticity of the materials. Thus : — 
c -.t •.in', {d — n) m. From this we obtain the equation, 

n = or = -5 (see chapter on formulas). 

t+m c m c t d . 


Also knowing that the total tension, i a, is equal to the total 


compression. 


ben 


(see page 80). we can, from these 


equations determine the depth of the axis for any values 
of e, t, and m, and the ratio of area of steel to area of 
concrete required to develop these stresses in any beam. 
The ratio will equal the area of steel divided by the area 


of concrete, it equals p which equals 


a 

hd 


Equating compression and tension, we get, 
ben 


i a — 


therefore, a = ^ ^ 


Now, by replacing a with its equivalent 


ben 


, we get. 


b c yt c yi 

p = — , or - — a convenient formula for use, and by 

^ ‘Ztbd 2td 

which the values in the following table are obtained ; 
they show the position of the neutral axis, and the tension 
in the steel that a given ratio of steel to concrete will 
develop with e at 600 lb., and what c will be with the 
same ratio of steel, but when it is stressed to 16,000 lb. 

The corresponding values in the table read horizont- 
ally thus : — ^With a ratio of steel of 0*007,5, or 0*75 per 
cent., the axis is shown to be at a depth of 0*375 d, and 
when c =600, i =15 000, or when i =17 000 the per- 
centage of steel equals 0*61, and the axis is at a depth of 
0*346 d, but if i =16 000, c will be only 572. 
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The values for any other stresses, not shown in the 
table, can be obtained as follows : — For c = 500 and t = 


14 000,^ 
' a 


m c 

t + m c 


15 X 500 

14 000 + 15 X 500 


0-348, and 


c n 
2 t d 


Now as w = 0-348 d, we can replace n wdth 


this equivalent and get,’ p 


0-348 d c ^ 

— 2T'5 — ' cancelling 


d, p == 


0-348 c 
~Tt 


0-348 X 500 
2 X 14 000 


0 006 2. 


When c = 600 

m = 15 


When f = 16 000 

i = 

n = 

d 

P = 

c = 

9 000 = m c 

0-5 

0-016 66 

1 066 

10 000 

0-473 

0-014 14 

960 

11 000 

0-45 

0 012 27 

872 

12 000 

0-428 

0 010 7 

800 

13 000 

0-409 

0 009 43 

736 

14 000 

0-391 

0-008 37 

685 

15 000 

0-375 

0-007 5 

640 

"16 000 

^0-36 

0-006 75 

" 600 

17 000 

0-346 

0-006 1 

572 

18 000 

0-333 

0-005*&5 

533 

19 000 

0-321 

0-005 22 

504 

20 000 

0 31 

0-004 65 

479 


From the above values it is evident it is not economical 
to use a high percentage of steel, for when it exceeds 
0-675 per cent, it is not possible to stress it to its full 
value of 16,000 lb. per square inch without stressing the 
concrete over 600 lb. per square inch, and with a lower 
percentage it is not possible to stress the concrete to 
600 lb. per square inch without stressing the steel over 
16,000 lb. per square inch. 

Figs 47 and 48 are simple diagrams, either of which 
can be used to determine n when c and t are fixed ; to 
determine c for any position of n when t is fixed, and to 
determine t for any position of n when c is fixed ; c, or 
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c m may be set off along the top line, and j! or — along the 

m 

bottom line ; the diagonal will insect the vertical line 
at the neutral axis. 



BENDING MOMENT AND SHEAR STRESSES. 

For designing any portion of a structure acting as a 
beam, it is necessary to determine the value of the 
bending moments and shearing stresses which the mem- 
ber will have to resist. These will vary with the load, 
its distribution, and the manner in which the beam is 
fixed. Figs. 49 to 68 illustrate the principal cases, and 
give the values of the bending moments, shearing 
stresses, reactions of the supports, and diagrams illus- 
trating the variation of the bending moments and shear 
stresses. In addition, the following particulars are 
, useful : — On a cantilever, however loaded, the shearing 
stress at any point equals the total load between that 
point and the outer end, as in Fig. 50, where the shearing 
stress at jc = /, where -w = the load per lineal foot. 

For Fig. 53, the shear at x equals the load on the portion 

^ ^ WL’ 

For Figs. 51 and 52, the shear an3rwhere between the 
loads equals the load on the outer end . 

In cantilevers, the bending moment at any point 
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equals the load outside of the point multiplied by the 
distance of its center of gravity from the point. In 
Fig. 50, M ' at a; the load on the portion / multiplied by 

/ _ zw /2 
*2 2 ~' 



Fig. 50. 


R = S = W 
M =WL 
M at AT = W / 


R = S = W 


M = 


W L 
2 


M at ^ 


w /2 
“ 2 ~ 



R = s = W'+W" 

M =W'/4-W'’(^L-|) 


M&t X 


2 


Fig. 51. 
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Fig. 57. 
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R= |W=S 
R'= f W= S 

M = at fixed end 

O 

M = at f L from 

supported end. 


Each half as Fig. 61. 



W I' 
L 


M = R r = R' / 

S on portion / = R' 
S on portion /' = R 


Fig. 63 . 
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Where 1=1" and W 
= W' 

R = R' = s = W 

M between W & W' 
= R /" or R' / 

S on portion / = R' 
= W or W' 

S on portion /' = 0 



R = 


W' (/+/') +W I 
L 


_ W'/" + W(/+/'^) 


M at W = R' / 

M at W' = R 
or R' (/+/')— W /' 

S at R --- R 
S at R' = R' 

S between W & W' = 
R'— W 



Each Span as Fig. ,58. 
It imperfectly fixed 


M at a; 


W L 


12 
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In Fig. 53 M' at X = load on portion I multiplied by 

i- "" ^4" moment at any other point, or for any 

o o jL 

other loading, can be obtained in a similar manner. 

Figs. 53 and 54 represent cases analogous to earth and 
water pressures on walls, foundation slabs, etc., which 
are fully considered in Part II. 

With beams, the sum of the reactions of the supports 
is equal to the total load. When both ends are alike 
supported or fixed, the portion of any load borne by 
either of the supports, is to the load as the further 
segment of the beam is to the whole length of the beam, 
thus : — ^referring to Fig. 63, R : W ; : / : L ; there- 
fore, R = , a formula by which we can determine 

the reaction for any load, I being the distance from the 
center of gravity of the load to the farther support. 

The greatest shearing stress is equal to the greatest 
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reaction. The shearing stress at any other point equals 
the nearest reaction minus all loads between that reaction 
and the point taken, as at x, Fig. 56, where the shearing 
stress equals R — I w ; the bending moment at the same 
point will equal R I, minus the load on portion I multiplied 

by the distance of its center of gravity from it, =R / — . 

The above rule can be used to determine the bending 
moment at any point in any case of a beam freely sup- 
ported at its ends. The rule may be expressed thus : — 
The bending moment at any point equals either reaction 

1 2 


12 3 

iE 21 iis 

10 10 10 10 

12 3 4 

o^fii nils 13^13 istn iito 

-5Sr ""25“ 28 28 28 



1 2 3 4 5 6 

o'tii cstss Astfii S3"fs3 sit49 nrfss 4lto 

104 104 104 104 104 104 104 


1 2 3 4 5 6 7 

ofbe So'fTS 67^ 70 721*71 7l‘t72 TO^fe? 75^86 ^0 

142 142 142 142 142 112 142 142 

Fig 68. 

Shear co -efficients of W for continuous beams of equal spans 
supported at the ends and uniformly loaded. W equals the load and L 
equals the length of the separate spans. 

multiplied by its distance to the point, minus any loads 
between the reaction taken and the point, multiplied by 
their distances from the point. The loads to be taken 
separately, and the distance of each measured from its 
center of gravity. 

Referring to Fig. 65, as another example, the shearing 
stress at iic = R' — ^W. The bending moment at the 
same point will be R' y — y' . 
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With beams securely fixed at their ends and extending 
over columns that are perfectly level with each other, 
and with the outside supports, each portion can be con- 
sidered a fixed beam ; the bending moment over the 


columns and at the outside supports will be 


W L 
12 


at the center of the spans 


W L 

24 


, as Figs. 59 and 66. 


, and 
But 


owing to the practical impossibility of securing perfect 
fixing to the walls, it is advisable to take the bending 


moment for the end spans as 


W L 
12 


for both the ends and 


the center, for if the fixing is not absolutely perfect, 
the stress will be reduced at the supports, with a corre- 
sponding increase at the center of the span. For the 
same reason the bending moments for cases as Figs. 61 


and 62 are general^ taken as 


W L 
10 


at both critical points. 


When a beam is supported by a beam, such as second- 
ary beams on main beams, instead of on columns, as in 
Figs. 59 and 66, the bending moments should be taken 

as ^ ^ for the center of the spans, and over the 

supporting beams. 

The following examples show’ the application of the 
formulas already given : 

/ 

^xample I. — The working stresses for the concrete and 
steel in a beam is to be 600 lb. and 16,000 lb. per 
square inch respectively. The ratio of the moduli 
of elasticity, m, equals 15. Determine the pro- 
portion of steel required to develop these stresses. 

f 

The proportion of steel, represented by p, equals 


c n 
"I t d’ 


For this case, we know the values of c and t, but 
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n and d are unknown. We, however, know that 
m c d 


n — 


t+m c 
15 X 600fi? 


, therefore, for these stresses, n = 
= 0-36d, where d equals the effective 


16 000 + 15 X 600 
depth of the beam. Now by substituting the value of 

c X 0-36c? 


n in terms of d, we get ^ = 


2 t d 


By cancelling 


d, and filling in the values of c and t, p = 


600 X 0-36 
2 x 16 000 


= 0-006 75, as given in the table, page 85. Whatever 
the size of the beam the sectional area of the steel 
required to develop these stresses tvill be 0-006,75 the 
sectional area of the concrete. For instance : — for a 
beam 8 inches by 12 inches the steel would be 0-006 75 
X 8 x 12 = 0-648 square inches. 


Example II. — Determine the proportion of steel for a 
beam to be made of brick, or limestone concrete, 
for which the moduli ratio is 18, the maximum 
stress for the concrete, 500 lb. per square inch, and 
for the steel, 15,000 lb. per square inch. 

Taking this in the same way as the case of Example I. 
we get : — 

mcd 18x500 d rv or,r J 

n — = = 0-375a. 

t-^mc 15 000 + 18x500 


And 


c n 
2t d 


500 X 0-375 d 
2x15 000 d 


To compare this case with that of Example I., a 
beam 8 inches by 12 inches would require- 0 v625 x8 x 
12=0-6 square inches of steel ; not so much as the beam 
of Example I ., and it would not be so strong. If required 
to carry the same load as that of Example I. it would 
have to be increased in size, otherwise both concrete and 
steel would be overstressed. 
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Example III. — (a) Determine the reinforcement required 
for a beam 12 inches wide, 20 inches effective 
depth, i.e., 20 inches from the top to the center of 
the reinforcement, to enable the steel and the con- 
crete to be stressed to 16,000 lb., and 600 lb. re- 
spectively at the same time. 

(b) If the beam is 20 feet long, what uniformly 
distributed load would there be required to de- 
velop these stresses ? 


(a) The sectional area of steel equals a, and p = 

-2_, see page 84, a =p b d. From Example I., ^ = 
b a 

0-006 75 ; therefore, a =0-006 75 x 20 x 12 =1-62 square 
inches. Say 3 bars f inch square. 

(b) To determine the load we must first find the bend- 
ing moment this beam will resist, then equate this with 
the external bending moment. As previously explained, 
the moment of tension, or the moment of compression, 
will equal the bending moment. The moment of 


tension equals, ta [d — The external bending 
moment, M, for a uniformly distributed load, equals 


W L 

8 ■ 


Therefore, 


W = Sta 



From Example I., « =0-36 cf =0-36 x 20 =7-2 inches. 
Filling in all the values we get : — 

^ 8 Xl6 000x1-6(20——) _ 

20x12 

Note that the external bending moment must be taken 
in the same terms as the internal bending moment. In 
reinforced concrete beams the depth, d, for the internal 
bending moment is always taken in inches ; consequently 

H 
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the length for the external bending moment M must be 
taken in inches. 

If a beam proportioned, as in this example, is too large 
for the position it is to occupy, it can be reduced, and 
compression bars added to replace the loss of concrete, 
and additional bars used to take the increase of tension. 
Such cases are considered further on. 


Example IV. — Determine the load for a beam 18 inches 
effective depth, and 10 inches wide, over a span 
of ir» feet. The reinforcement consisting of 3 bars 
one-inch square. The stress in the concrete not to 
exceed fiOO lb. per square inch, and in steel U> 000 
lb. per square inch m to equal lo. 

According to the previous example, the stresses of 
■B^lb., and 10,000 lb. cannot exist at the same time with 
anj’- load, unless the steel is 0-000 7.')<Tf. If more steel 
than this, with the concrete stressed to 000 lb., the steel 
will be understressed, or wdth the steel stressed to 10,000 
■,1b., the concrete wdll be overstressed. This enables us 
to decide whether to use the moment of tension or of 
compression to determine the external bending moment 
M, which we must have to determine the load. 

The proportion of steel to concrete equals 


therefore i 


a 

b d 
P 


a = 3, 10, 18 ; 


\ 


10x18 


= 0 - 01 () 0 


consequently, being more than 0-006,75, the critical per- 
centage, we must determine the bending moment, M, 


cbn 


by the moment of compression, which equals ■ 




But before working this out we have to determine n. 
mcd 


The equation, n 


., cannot be used in this case 


as we do not know both c and t ; we can, however, fix 
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one of these ; the other will depend on the position of n. 
By referring to the values on page 85, we find where 
p =0*016,6, n =0*5 d ; hence, for this case V wiET 
0*5 X 18 =9 inches. 

Taking c =600, and filling in the other values, we get : 

600x10x9 (l8 — I) 

M = 2 = 405 000 inch lb. 

The tension in the steel, from page 85 will be 9,000 lb. 
per square inch. In the absence of the table it can be 
determined by the diagram. Fig. 47, or by equating com- 


pression and tension, thus : — t a 


cbn 


; therefore, 


, cbn 600 x10x9 „ aaaiu • u 

t — ::: =9,000 Ib. Or again, by equation. 


2 a 


2 x3 


page 83, where i = c m 


d—n 


n 


In the above example, n turned out to agree with one 
of the values in the table, page 85. If it had not done 
so, or in the absence of a table, one of the following 
formulas could be used. 

1. When the steel is expressed in inches. 


\2 m a d , (m ma . , . , 

w = -yj h ) ■“ , or further simplified , 

'Y/2 m a d b + {m a )^ — m a 
n . 

2. When the steel is expressed in terms of the area of 
concrete, as p. n =d[;\/2 p 'm -f- {p m)® — p m]. The 
derivations of these are given in the chapter on formulas. 
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Example V. — Determine the distributed load for a 
granite concrete beam, effective depth 24 inches, 
breadth 15 inches, reinforced with 4 bars | inch 
square, over an effective span of 24 feet . The stress 
in the concrete is not to exceed 600 lb. per square 
inch, and in the steel 16,000 lb. per s.quare inch. 

This case and that of Example IV. are similar. They 
are given to get more acquainted with the principles, 
and the method of working such cases . 

The load must be determined as in the previous case, 
by equating the bending moment with the moment of 
resistance, and by substituting the value of the bending 
moment in terms of the load and length of the beam 
but whether to use the moment of compression or of 
tension, depends upon the proportion of steel, as ex- 
plained in Example IV. It equals a =-4 bars | inch 

0 a 

square, =4 X 0-5625, i=15, <i=24; 

...i. r j. 4x0-562 5 A n’nc OK 

therefore p = — -- — = — =0-006 25. 

^ 15x©ah 

Which is less than the economic proportion of 
0-00675. We must, therefore, use the moment- 
of tension to determine the bending moment, see 
previous example. The moment of tension equals 

t a {d — The bending moment, M, equals — g— 
Equating these two we get = t a {d — . 


Hence 



all of which, except n, are known. For this propor- 
tion of steel, n is not given in the table, page 85 ; we 
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must, therefore, determine its value from the formula. 


n 




m a d ^ (m a\‘^ m a 

1 V' 


For granite concrete, m = 15 ; hence 
n = ^: 


2 X 15 X2-25 x24 . /15 x2.25 ,2 15 x2-25 


15 


+( "in 


15 


\ \ 


= ^10-63— 2-25 =8-38. 

Now filling in the values we get : . 

8-35 N 
■~3~ ) 

= 21217 lb. 


8xl6 000x2-25f24- 


w = . 




24 X 12 


The stress in the concrete can now be determined, by 
knowing that the total tension equals the total compres- 
sion, as previously explained ; 


therefore 

hence 


c b n 
t a = ^ I 

%ta 2x16 000x2-25 


b n 


15 X8-38 


= 572 lb. 


This can also be obtained by either formula 13 
or 14 in the chapter on formulas. 


Example VI. — Compare the load for the beam of Exam- 
ple V. with a beam of the same size, but made of 
brick concrete, for which the safe stress is 500 lb. 
per square inch, and m =18. 

From Example V. we get: — ^=0-006,25. Proceed- 
ing as before, we have first to determine whether to use 
the moment of tension or of compression to equate with 
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the bending moment to find the load. For stresses of 
500 and 16,000, with w = 18, the economic percentage of 
steel will not be 0-006,75, as for the case of Example V. ; 
we therefore cannot tell by that example which moment 
to use ; we can determine the load for the concrete stress 
and for the steel separately, then adopt the smaller, but 
this is not a very systematic method ; it is better to 
proceed as explained in the previous example. 

The critical percentage for these stresses, with m = 
18, is not given in the table ; we can, however, find it 


by the formula explained on page 84, where p = 
and« = t^-i^. w=18, c=500, ^=16 000 ; 


c n 

Tfd 


-Pturtr 


hence. 


n — 


18 x500 x24 
18 X 500 + 16 000 


= 8-64, 


and 


500x8-64 
^ 2x16 000x24 


0-005 62. 1 


From this we see that the actual steel in the beam is more 
than the critical amount ; we must, therefore, determine 
the load from the moment of compression, the reverse to 
that of Example V. 

c b n {^d — 

The moment of compression equals 


The bending moment, M, equals 


W L 

8 * 


we get : — 


W = 


^ c b n y d— 

2T 



Equating these 


8x500x15x8-64 



8-64\ 
" 3 ~ J 


= 19 008 lb. 


2 X 24 x 12 
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From this we see that if the beam is made of broken 
brick, average quality limestone, or furnace slag con- 
crete, it will carry only 87 per cent, of the load that a 
granite concrete beam will carry. 

Example VII. — Design a beam 20 feet effective span, 
supported at the ends, to carrj- a distributed load 
of 7)00 lb. per lineal foot, including its own weight. 

In designing beams many designers make it a rule 
to first assume the dimensions as near as their experience 
enables them, and then work out the stresses and deter- 
mine their sufficiencj’’ or otherwise. This, however, is 
not a ver3r satisfactory method, especially for reinforced 
concrete, for it may involve several trials, and then have 
only a fairly satisfactory’ result, for these beams should 
be accurately proportioned, so as to allow both the con- 
crete and steel to be stressed to their maximum allow- 
ance, we will then have the most economical section, for 
there will be no waste of concrete or steel. 

By referring to page 85, when c =600, i =16 000, and 
m =^15, n is shown to be 0-36 d, and p =0-006 75. 

For this case, we have, therefore, to design a beam 
containing 0-675 per cent, area of steel to area of concrete, 
the latter being sufficient to resist the compression . This 
may’ be done with little trouble by using the equation, 
M =95 Z> 6?,*'given with its derh’ation in the chapter on 
formulas. By this we can determine b and d, then 
make the area of steel equal p =0-006 75 b d, ^ may 
be taken as 20 to 24 of tbe span. 



or d may be taken as ^2 to ^ of the span, 
then b = 

95(^2 

It is, howey’er, much better to make b some definite 
proportion of d, say from 0-5 to 0-7 of d^ according to 
circumstances, 0-C is usually the most suitable propor- 
tion for a reinforced beam. Under these conditions the 
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case may be worked as follows : — Substituting the value 
of h in terms of d, as 0-6 d, then M =95 = 

95x0-6i^8 ; 


hence 

and M« 


d^ 


M 


95x0*6 
WL 500 X SO X 20x12 


8 


8 

, 3/300 000 3/ 

Therefore, ^ 5 263 


= 300 000 inch lb. 

^ 17*4 inches. 


And a =p b d = 0*006 75 x 10*44 x 17-4 = 1.23 square 
inches . 

The nearest section to give this will be three | inch 
round bars, =1*32 square inches ; or four f inch square. 
Three -ft inch square bars, giving 1*42 square inches, 
would be nearer than the f-inch, but some factories do 
not make bars rising in sixteenths of an inch, so these 
should not be specified unless first finding if they are 
obtainable. 

The effective section will therefore be, 17-|^ inches by 
lOJ inches with, say, 3 bars f inch square. 

Allowing 2 inches of concrete to cover the bars, the 
full depth will be 19J inches. 

To complete the case, the shear and adhesive stresses 
must be considered ; these are explained further on. 


Example VIII. — Design a beam to carry a distributed 
load of 18,000 lb. ; exclusive of its own weight, 
over a span of 24 feet. 

The total load will be 18,000 lb. plus the weight of the 
beam ; this cannot be accurately determined, as the 
dimensions are not known, but an approximation can be 
made, and if found to vary much from the actual amount 
the load can be adjusted accordingly, and the case 
worked again. A near approximation will be obtained 
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by assuming the depth to be about -^£ of the span 
and the breadth about ^ of the span, say 24 inches 
by 15 inches. 

At 150 lb. per cubic foot, the approximate weight will 
be, 2x1 -25 X 24 X 150 =9,000 lb. Then the total load 
for the beam will equal 9,000 + 18,000=27,000 lb. 
Working in a similar manner to Example VII., we get : — ■ 


M = 


W L 
8 


27 000x24x12 
8 


= 972 000 lb. 


For the maximum stress in the concrete and steel to be 
600 lb., and 16,000 lb. respectivel}^ M =95 b d^. 

Taking b as 0-6 d, then 


^ ^ / M ^ 3 1 972 000 ^25-8 inches. 

\ 95x0-6 V95x0-6 

^ = 0-6 d = 0-6 X 25-8 = 15-48 inches. With these 
stresses /> = 0-006,75, see page 00. Therefore 
=0-006,75 b =0-006,75 X 15-48 X 25-8 =2-7 square 
inches. Say 4 bars f inch square =3 square inches. 

Allowing 2 inches of concrete to cover the bars, the 
full section will be 28 inches by 15-^ inches, a trifle more 
than allowed for in estimating the weight, but not enough 
to make any appreciable difference in the stresses. 


HOW TO CHECK EXISTING SINGLY REINFORCED BEAMS. 

To determine the stresses in any beam with single 
reinforcement proceed as follows : — 

(1) Determine the total load, including the weight of 
the beam. 

(2) Determine the bending moment. 

(3) Determine the position of the neutral axis. 

(4) Determine the maximum compression in the con- 
crete, by the formula, 


2 M 
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(5) Determine the tension in the steel by one of the 
following formulas : — 


(a) 

^ c m (d— n) 
n 

(b) 

t = “ 

(c) 

^ c h n 

2 a 


Example IX. — Determine the stresses in a beam sup- 
ported at its ends and loaded with 1,000 lb. per lineal 
foot. Effective span 28 feet, full depth 30 inches, 
effective deprth 28 inches, breadth 16 inches, rein- 
forcement consisting of three rods 1| inch square. 

(1) Load on beam =1,000 x28 =28,000 lb. 

Weight of beam = ^x^x28xl50 lb. = 14 000 lb. 

Total load =28 000-1-14,000 =42 000 lb. 


(2) M = 


W L 
8 


42 000 X 28 X 12 
8 


= 1 764 000 


inch-lb. 


/o\ I 2 m a 

(3) n. 


d 


m a \2 m a 


. w = 15, =28, 


Hence, 

12x15 
n ='\J 


6=16, a =3x1-52 =6.7.5. 


5x6-75x28 , /15x6-75\2 15x6-75 


16 


+ 


/15 X6-75y 

V 16 / 


16 


T3-53, 


2 M 2 X 1 764 000 

16 X 13-5% ^28 — 


694 lb. 


(4) c = 
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( 5 ) 


c m (d — n) _ 694 x 15 (28 — 13-53) 
n 13-53 


= 11 133 lb. 


The shear stress also should be checked ; this is 
explained further on. 


Example X. — Determine the dimensions and the rein- 
forcement for a cantilever, which is to project 6 feet 
from its support, and is to carry a load of 1,000 lb. 
per lineal foot . The stresses are not to exceed 600 lb . 
and 16 000 lb. respectively for the concrete and 
steel, with m = lb. 


Allowing 100 lb. per lineal foot for the weight of the 
cantilever, the total load will be 1,100x6 =6,600 lb. 
For a cantilever with a distributed load. 


M = 


W L 
o 


6 600x6x12 
2 


237,600 inch-lb. 


Making the breadth uniform, and equal to half the 
depth at the support, d, at the support will equal 


3 / M 
\95 xO-5 




237 600 
95x0-5' 


Say 1 7 inches ; for explanation of this formula refer to 
Example VII., 6 = 0-5 = 8| inches, a =p h d =0-006 75 

X 8-5 X 17 =0-975 square in. 

For this, being a cantilever, the bending moment will 
diminish towards the end ; therefore, if desirable, the 
size of the cantilever can diminish also. The bending 


moment at the center of the length will equal 


w l- 
~ 2 ~’ 


see 


Fig. 50, 


1 100 x32xl2 


= 59,400 inch-lb. 


2 
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Keeping the breadth 8^ inches throughout, from the 
formula, M =95 ^ d^, the effective depth at the center 
will equal 

rW _ / 59 400 . 

\95 6 \95x8-5' 

say 8^ inches, which is half the effective depth at the 
support. The reinforcement at the center will equal 
p b d =0-006,75 X 8.5 x8-5 =0-488 square inch. Allow- 
ing for a depth of 4 inches at the end, and 2 inches 



cover to the steel throughout the whole length, the 
design will be as Fig. 69, with two | inch square rods 
• running the whole length along the top, and one extra 
for the inner half. 


SINGLE REINFORCED BEAMS, LARGER OR SMALLER 
THAN THE ECONOMIC SECTION. 

It is sometimes necessary for us to employ a beam that 
is larger, or smaller, than the size necessary to form what 
we know as the economic section for a given load. In 
such cases, the concrete would be either understressed 
or overstressed if the economic percentage of steel were 
used. This would be the case when the bending moment 
M is greater, or less, than the moment of compression, 

cbnfd-^) 

, in which n = — : or when bd^ is greater 


2 
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or less than which, when c = 600, and 

cn (s-f 

/ — 16 000, equals 


Case A. When M is less than 


cdn id—% 
\ o 

2 


or when. 


b (P is greater than — ~ ^ — , if the economic per- 

/o 

cn.i 3 ^ 


centage of steel were used, both concrete and steel would 
be understressed ; we can therefore economise by using 
a lower percentage of steel ; this would raise the axis 
of the beam, through the steel being higher stressed, 
and would thus reduce the compression area causing the 
concrete to be higher stressed, but not overstressed, 
as the steel is less than the economic percentage. 
The most economical amount of steel for such cases 
will be that which will permit it to be stressed to its 
limit. 

cbn (d—~) 

Case B . When M is greater than ^ , or when 

b is less — ^ ^ — , if the economic percentage of 

steel were used both concrete and steel would be over- 
stressed. To permit both concrete and steel to be 
stressed to their respective limits compression bars may 
be added, as shown under beams with double reinforce- 
ment. If these are not permissible, but single reinforce- 
ment only, we can stress the concrete to its limit, without 
overstressing the steel, only by employing more than the 
economic percentage of steel, which will itself be under- 
stressed, but will lower the axis of the beam sufficiently 
to provide a compression area large enough to take all 
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the compression when the maximum equals the value 
given to c. This can be done by the formulas in Example 
XL, providing the depth of the beam is within a reason- 
able limit. 

Examples XL and XI L are given to elucidate the 
foregoing explanation. 


Example XI. — Determine the steel required for a singly 
reinforced beam 26 inches effective depth, 15 inches 
wide, to carry a load of 25,000 lb., including its own 
weight, over a span of 20 feet. The stresses for the 
concrete and steel not to exceed 600 lb., and 16,000 
lb. respectively, with m =15. 


This is a case similar to that under A. 


M = 


W L 25 000 X 20 X 12 


= 750 000 inch-lb. 


For the economic section, b d- equals — ; if greater than 

this we can use less steel than 0-006 75 b d, if smaller we 
must use more than this. 


M 750 000 


= 7 895. 6 ^^2 = 15 X 262 _ io,140 ; 


therefore, we can use less steel than 0-006,75 b d. The 
reduced amount can be determined by the formula, 

a = — ■ y - - - in which i is given its maximum value, in 

(/•oo t cij 

this case 16 000. Filling in the values we get : — 


750 000 

0-88 X 16 000 X 26 


2-048 square inches. 


Determining the stress in the concrete by the formula, 
- ^ , and » = 


c 



SINGLE REINFORCED BEAMS 


111 




2 X 15 X 2*048 X 26 


15 


4 - 


15 X 2*048 
- ) 


15 X 2*048 
15 


15 

^ 8*474 in 


Hence 


2 X 16 000 X 2*048 
15 X 8*474 


515 lb. 


lixample XII. — Determine the steel required for a singh* 
reinforced beam 20 inches effective depth, 12 inches 
wide, to resist a bending moment of 700,000 inch- 
lb. The stress in the concrete not to exceed 600 lb. 
per square inch, with m = 15. 


This is a case similar to that under B. 

M 

Proceeding as in the last example, — = 


700 000 
95 


7 368. b d‘^ =12 X 20'-^ = 4,800. The latter, being 
the smaller quantity, shows that the beam is smaller 
than what is known as the economic section ; it will 
therefore, be necessary to employ more steel, for single 
reinforcement, then the economic proportion of 0*006,75 
b d. The correct amount can be determined by the 
formula : — 


b j Z d 

a = T-; , , and n = 

2 m {d — n) 2 


-n1( 


3 d ,2 
2 } ' 


6 M 
c b 


For the derivation of these, refer to the chapter on 
formulas. Filling in the values for the neutral axis we get : 


n = 


3 X 20 


4 


Hence, a = 


3 X 20\2 6 X 700 000 _ 

2 / 600 X 12 

12 X 12-2H 


2 X 15(20—12*21) 


= 7*655. 
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The stress in the steel will equal 

^ _ c b n _ 600 X 12 X 12-21 
2a 2 X 7-655 


5,742 lb. ; 


which is about 35 per cent, of the limiting steel stress, 
but if the steel is reduced to enable it to be stressed higher 
the concrete would be overstressed. 

As now we have the quantity of steel we can check the 
correctness of the formulas used, by the usual method, 
where. 


n 


-4 


2 m a d , (m a\^ m a 
'b 


, and c 


2M 


b n { d — — 
3 


Filling in the values for these we get : — 


n 


-4 


'2 X 15 X 7-655 X 20 / 15 x 7-655\2 


12 


H- 


12 

15 X 7-655 
12 




= 12 - 21 . 


2 X 700 000 


c = 


12 X 12-21 


20 


12-21 


= 600 lb. 


If the depth of the beam was not limited the economic 
section could be adopted, where, for c = 600, 


and / = 16 000 


, d - 


M 


95 b 


, and a = 0*006 75 b d. 


By these we get : 


d = 


4 


700 000 
95 X 12 


24-78 inch, 


= 0-006 75 X 12 X 24-78 = 2 square inches. 


and a 
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From this we see that for an extra depth of 4-78 inches, 
an increase of about 58 square inches in the section of the 
beam, we would save 5-655 square inches of steel, this, 
with the concrete at 45 cents a cubic foot, and the steel 
at 5 cents a pound, would effect a saving of about 75 
cents per lineal foot of beam. 

BEAMS WITH DOUBLE REINFORCEMENT- 

From the foregoing examples it can be seen that a beam 
with single reinforcement proportioned, as Examples 
VII. and VIII., to allow the concrete and steel to be 
stressed to their maximum allowance, will be rather 
deep in relation to the span, or verj^ wide in relation to 
the depth ; for if the depth is kept down, the breadth 
must rapidly increase for the stresses to remain the same. 
For instance, with the beam of Example VIII., if the 
effective depth be reduced to 22 inches, it would require 
a breadth of 22 inches for the same load and stresses. 
The section would thus contain 84 square inches of 
concrete more than the one designed ; it is therefore 
wasteful to reduce the depth and increase the breadth. 
If circumstances prevent a beam property proportioned 
being used, or if one, or both, of the dimensions are 
limited to a smaller amount, compression bars can be 
used to take up the excess of stress over that which the 
concrete is capable of resisting, thus forming a doubly 
reinforced beam. The section of concrete being less than 
for the economic section, the shear stress per square inch 
will be greater, and probably sufficient to require heavy 
shear members ; explained further on. 

Beams with double reinforcement can be designed by 
several different methods, depending upon various 
conditions, which are explained with the following 
examples. With the most general method, which can 
be used for any case, it is usual to proceed in the following 
order : — 

(a) Decide on the breadth and depth as near to the 
economic section as circumstances will permit. 

(b) Determine the bending moment. 

I 
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(c) Consider the beam as a single reinforced beam, 
and add reinforceirient, as in Examples VII. and VIII., 
i.e., such as will develop the allowed stresses in a beam 
of that section hy making a = phd,p can be taken from 
the table, page 85, or determined by the equation 

c n 

^ ~ 2 t d 

(d) Determine the bending moment that this section 
of concrete and steel will resist, irrespective of the actual 
bending moment the completed beam will have to resist. 

(e) Add compression bars, and additional tension 
bars, to take up the excess of the bending moment, 
i.e., the difference between the moment for the single 
reinforced beam and the actual moment. This can be 
done by equating this excess bending moment with the 
moments of compression and tension of the additional 
reinforcement, as in the following example. 

For other methods see further examples. 


'Example XIII. — Taking the case of Examples VIII., and 
limiting the effective depth to 22 inches, and the 
breadth to 14 inches. 

Allowing two inches of concrete to cover the bars, 
the full depth will be 24 inches, and the total load will be 
18,000 lb. plus the weight of the beam ; it will therefore 


equal 18 000 + 2 x x 24 x 150 - 20 400 lb. 


M 


W L 
8 


26 400 X 24 X 12 
8 


= 050 400 inch-lb. 


When c = 600, and / = 16 000, a will equal 0-000 75 
b d, (seepage 85). 0-006 75 x 22 x 14 -- 2-079 square 

inches. The bending moment this will resist will equal 
the moment of compression, or of tension, thus : — 
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By the moment of tension, 


M - ta (<<-|) 


and « » X 6°” _ 7.92, 

t m c 16 000 + 15 X 600 

or from the table, page 85, n ^ 0-36 d. 

Therefore 

M = 16 000 X 2-079 { 22 - = 643 991 lb., 

\ 3 / 


leaving a balance for additional reinforcement of 
950 400-643 991 =306 409 lb. 

Now consider we have an extra beam consisting only 
of tension and compression bars, which take all the 'stress 
from the excess bending moment ; we can then deter- 
mine the section of steel required b}’ taking moments 
about the center of compression and tension, as before ; 
but in this case the center of compression will be at the 
center of the compression bars, which bars may be placed 
anywhere within the compression area, but should be as 
far as possible from the neutral axis ; 2 inches from the 
top is a convenient position in beams. 

The moment of tension will then be, I a' {d — y), where 
a' equals the additional steel in tension, and y equals 
the distance of the compression bars from the top of the 
beam. • 

The moment of compression will be, Ac c ' {d—y ) , where 
Ac = area of steel in compression, and c', the compres- 
sion per square inch in the steel. 

Both of these moments must equal the excess bending 
moment ; therefore, t a ' {d — y) = excess M ; 


hence. 


a = 


excess M 
t {d-y) ' 


By placing this additional tension steel with that 
already determined, t will be the same ; consequently. 
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taking ■>» as 2 inches, 


306 409 
16 000 (22-2) 


0-957 5 square inch. 


Similarly, the compressive steel, 

^ _ excess M 
[d-y) 

Now c' is really fixed as it will depend on the value of m, 
and on the stress in the concrete at the point where the 
bars are placed, in this case 2 inches from the top. c' 
will then equal m times the stress in the concrete 2 inches 

from the top ; see page 83 ; hence it will be w c ; 

W — V 

— ^ being the ratio of the maximum stress for the point 
where the bars are placed ; therefore. 


. excess M 

Ac 

m c \d — y) 

n 

and n, already obtained, =7-92; hence. 


Ac-C 

15x600x 


306 409 
7-92-2 
7-92 


x(22-2) 


306,409 

"" 134 545-5""^*^^^ 


Ac may also be found with less trouble, by knowing 
that the stresses are proportionate with the distance 
from the neutral axis ; i.e., if the compression bars are 
the same distance from the axis as the tension bars the 
stress will be equal, and the same area of steel would 
be required. If only half the distance from the axis, 
the stress will be half that in the tension bars ; conse- 
quently, double the quantity of steel would be required 
to take the same stress as taken by the tension bars. 
From this, the area of steel in compression must equal 
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the area of steel in tension multiplied by the ratio of their 

^ 

different distances from the axis, which is , 

n — y 


then 


Ac = 


,/ d — n 
n — y 


Working out the steel by this equation, for comparison, 
we get : — 

. 0-957 5 X (22- 7-92) _ , 

Ac = __A — ^ L = i as above. 

7-92—2 

For the complete beam we have the following : — 
Area of steel in tension, 2-079 + 0-957 5 = 3-036 square 
inches. Say 4 bars f inch square. 

Area of steel in compression, 2-277 square inches. 
Say 3 bars | inch square. 

Total area of steel required, 5-313,5 square inches ; 
against 2-7 square inches in the single reinforced 
beam of Example VIII. An extra of 2-613,5 square 
inches for a saving of 2 inches in the depth of 
concrete. 

The method used for determining the reinforcement 
for the beam of Example XIII. is the most satisfactory 
one to use when we have a beam of fixed dimensions 
within a reasonable limit, and when we wish to place the 
compressive reinforcement in the most effective position, 
and stress it as high as the concrete will admit, but if we 

design for the compressive reinforcement to be g-from 

the compressive surface we can determine the tensile 
and the compressive reinforcement more easily by the 
following more direct formulas. 


t ■\-m c 


t id — 
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Z {2ta — chn) 

(^) ~ A c m 


( 4 ) 


3 

Without t and a, Ac = — 


2 M-c b n (^^-|) 
4 cm (d-fj 


If a beam is designed b 5 " these formulas the compression 
bars must not be placed nearer the axis than J n from 
the top ; if placed at less than this from the top, which 
is usual, they will be stressed higher ; consequently, the 
beam will be stronger. It will be impossible to over- 
stress the compression bars, as they cannot be stressed 
more than m times the stress in the concrete at the same 
depth ; therefore, as compression bars need never be 
placed nearer the axis than J n, these formulas can be 
used for designing any doubly reinforced beam ; there 
will, however, be a trifle more steel than there would be 
if the beams %vere designed by the formulas used for 
Example XIII. 


Example XIV. — Determine the reinforcement, by for- 
mulas 1, 2 and 3, given at the end of the previous 
example, for a beam of which the full depth is 32 
inches ; effective depth 30 inches ; breadth 18 
inches ; span 20 feet ; load, exclusive of beam, 
50,000 lb. 


(1) For c = 600 and t = 16 000, n 


m c d 
t + m c 


15 X 600 X 30 
^ 16 000 4- 15 X 600 


10-8 inches. 


Total load = 50 000 -f weight of beam 



BEAMS WITH DOUBLE REINFORCEMENT 


119 


,, W L 62 000 X 20 X 12 ...... , „ 

M = — — j:; == 1 860 000 inch-lb. 


(2) a = 


M 


1 860 000 




= 4*4 square ins. 


( 3 ) 


A.= 


3 (2 t a — c b n) 
4 c m 


3(2 X 16 000 X 4-4—600 x 18 x 10-8 ) ^ 


4 X 600 X 15 


= 2 ‘01 square in. 


This steel must not be placed further from the com- 

fi 10‘8 

pression surface than ^ ^ — = 3 -6 inches. 


ECONOMIC SECTION FOR EQUAL OR UNEQUAL DOUBLE 
REINFORCEMENT. 

Beams in which the compressive reinforcement is 
required to be a definite ratio of the' tensile reinforce- 
ment, can be designed b3'' formulas similar to those used 
for beams with single reinforcement. 

Where the steel in compression is required to equal 
the steel in tension, i.e., when Ae = a, with c = 600, 
t = 16,000, and m = 15, the following formulas can be 
used. 

M = 152 b d"2- (5), p 0-010,8. (6), p being for either 

the compressive or tensile reinforcement onty, the total 
proportion will be 2 /> . a =pbd {!). 

Instead of using equations 6 and 8, the economic area 
of steel can be obtained directly by the equation, 

Z c b n 


a 


6 t — 4 m c 


( 8 ) 
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, m C d 

For 6 and 8, n = (9). 

c and t being given their maximum values. 

For the derivations of 5, 6 and 8, see page 84 and 
chapter on formulas. 


Example XV. — Design a beam with double and equal 
reinforcement for the same span and load as the 
beam of Example XIV. 

Allowing for the weight of the beam to be the same as 
that of example XIV., the bending moment will be the 
same ; then b}' making b a suitable proportion of d, say, 
0-6 d,M = 152 X 0-6 (5?3. 


Hence 


d^ 


® M 
■^152 X 0-6 


3 / 1 860 000 
■Vl52 X 0-6 


21 \ inches. 


b = 0-6 4 ? = 16|- inches, a = pbd = 0-010,8 x 16-.5 x 
27-5 =4-9 square inches. 

Checking the steel, to compare the formulas 8 and 9, 
with those used, we get : — 


t. n 15 x 600 X 27-5 ^ ^ , 

By 9, ^ ~16 000 + 15 X 600 ~ inches. 

3 X 600 X 16-5 X 9-9 
=6 xT 6 000 -4x 15x600 = 

as before. 


FOR OTHER VALUES OF e, t AND Ac 

For any other values of c and t the value of M can be 
obtained as shown in the derivation of 5, and p, as shown 
for equation 6, and a as for equation 8. 
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If Ac is required to be some other ratio of a, say 
0-6 a, equation 8 becomes : — 


^ c b n 

6 t — 0-6 X i m c 


(9). 


And 


P 


n 3 c 

d {& i — 0*6 X 4 ?n c) 


( 10 ). 


HOW TO CHECK DOUBLY REINFORCED BEAMS. 

To check an existing doubly reinforced beam, the 
following formulas may be used, taken in the order 
given. Also, after designing a doubly reinforced beam 
by any of the methods used in the foregoing examples, 
'it can be checked by applying these formulas ; if the 
results obtained do not agree with the values for which 
the beam was designed, it will be evidence of an error 
in the method, or in the calculations. 

For the derivation of these formulas refer to chapter 
on formulas. 


( 1 ) n=^- 


\2 m (a d -V Ac y) , 

m (Ac+ a)~ 

- nt(Ae-{-a) 

\ b ^ 

L b J 

h 


If preferable in the following form. 


n = 


>y/2 m b (a d + Ac y) [m (Ac +a)]2 — m (Ac + a) 


( 2 ) 

(3) 

(4) 


2^1 

b n^d — +2 Ac m — — — (d — y) 
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Example XVI. — Checking the beam of Example XIII., 
where <f= 22 , A -14, =‘2-277, a =3-0365, M = 

950,400. 


Then n 




\27n{a d+Kcy) , 

TH (jAlc 

|2 

m (Ac -\-d) 

i b ^ 

L J 

1 b 


/2 x 15 (3-0365 X 22 +2-277 x2) ^ 

15 (2-277+3-0365)" 

/ 14 

L 14 _ 


15 (2-277 + 3-036, ->) _ 13 . 6 , 3_5 
14 


5-693 = 7-92;^inches. 


c =- 


2 M 


6 n{^d — +2 A-cm, ^ — — {d — y) 
2 X 950 400 


14 X7-92/' 22 — +2x2-27 X 15 2) 

1 900 800 


2 146-63 + 1 017-41 


600 lb. 


,^c_ n.id-n) ^ ,.,^^00 22-7^92 ^ 000 lb. 

7 * 9 ^ 


n 


c' == cm ^ = 15 x600 T = Q 727 lb 

n 7 -92 

By referring to Example XIII. the values of c, t and n 
will be seen to correspond exactly with those found by 
the above formulas. 
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Example XVII. — Determine the uniformly distributed 
load for a beam 20 feet span, 20 inches full 
depth, 12 inches wide, reinforced with 8 bars 1 
inch square, four being 2 inches from the top, and 
four 2 inches from the bottom. The stresses in 
the concrete and steel not to exceed 600 lb. and 
16,000 lb. respectively. 


The bars being 2 inches from the bottom, the effective 
depth will be 18 inches. 

The area of steel in compression, and that in tension, 
will be 4 square inches. 

In all such cases the load must be determined from the 
bending moment, which must equal the moment of 
compression, or of tension. By using the moment of 
compression we have : — 


2M =c 




+ 2AeW ^^ — - {d—y) . 

n 


All these factors are known except n, which can be 
determined by the formula, 


n 


=4 


/2 m (a d+Ac y) , 


1 b ^ 

1 b \ 


2 }ji (Ac +a) 


Filling in the values, we have : — 


n 


12x15(4 X 18 + 4 X 2) , 

15(4+4)12 

J 12 

12 J 


15(4+4) 

12 


= ■^'300— 10 =7-32 inches. 


Filling in the values for the moment of compression 
we get : — 
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600 


M=- 


/ 7-32\ /-s'/i , — 

12 x7-32(18-^j +2x4x15 ^ (18-2) 


_7-32-2, 


600 X 2760-71 


= 828 213- 


For a distributed load, M = 


W L . 
8 ’ 


,, , 8M 8x828 213 

therefore W — = 27 607 lb., 


or 1,380 lb. per lineal foot. 

From this we must deduct the weight of the beam, which 
20 

equals ^ x 1 x 150 =250 lb. per lineal foot. Hence, the 

load for the beam will be 1380—250 =1130 lb. per lineal 
foot. 

The tension in the steel can be determined by the 
equation. 


c m {d—n) _ 600 x 15 (18 — 7-32) 
M 7^32 


13 131 lb. 


The compression in the steel, by the equation 


c m 


w-y _600 xl5 (7-32-2) 
n 7-32 


= 6 541 lb. 


The steel is thus shown to be much understressed, but 
the load is a maximum for the beam, for if it was in- 
creased the concrete would be overstressed. 

Further examples of beams are given with 
structures in Part II. 


various 
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SLABS AND FLOORS. 

There are several kinds of concrete floors, but which to 
use depends upon the class of building, and the com- 
parative costs and advantages of the different kinds. 
The most simple, and generally the cheapest, if the spans 



Fig. 70. 


Fig. 71. 
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qxg not too grc 3 .t, is tho plain flat slab and beam system , 
in many buildings, however, it is desirable to keep the 
ceilings free of projecting beams j in such cases, beamless 
systems are reejuired 5 but in any case, where beams are 
not objected to, it is usual to plan the floors so that as 
many as possible of the beams will come over partition 
walls. With large spans between the beams the floor 
slabs generally work out to an excessive thickness, and 
are, therefore,' heavy and costly. In such cases a lighter 
form of construction is desirable, and is often obtained by 
adopting either a rib and tile slab, as Fig. 70, or what is 
known as a rib, or concrete joist, slab, as Fig .71. Another 
system largely used, particularly for industrial buildings, 
vvarehouses, and public garages, or where it is required 
to avoid the loss of space in the height of the rooms, 
occasioned by projecting beams, is the flat slab system,, 
as Fig. 72. 

The strength of slabs is determined in a similar man- 
ner to that of beams, and if they are supported, or fixed, 
at two sides only, the bending moment will be the same 
as for a beam similar!}' supported or fixed, but with a 
slab supported, or fixed, at all four sides, the bending 
moment will not be so great as that for a beam of the 
same span, owing to the slab being strengthened by the 
supports at the ends as well as at the sides. Authorities 
do not agree as to the exact difference, which depends 
upon the proportion of the load carried by the respective 
supports. 

A square slab supported all round is twice as strong 
as the same slab supported at two sides only ; this ratio, 
however, diminishes as the length increases, until the 
length exceeds a trifle more than twice its width, then 
the proportion of the load borne by the end supports 
can be ignored, as the effect on the strength is too slight 
to be considered ; consequently, the slab may be taken 
as a simple beam, of length equal to the width of the 
slab. 

Fig. 73 illustrates how a rectangular plain concrete 
slab, supported all round, generally fractures when 
overloaded. The end supports are considered to carry 
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the load on the triangular pieces A and B, and the side 
supports that on the pieces C and D. In a square 
slab the fractures take place 
along the diagonals of the slab, 
thus making an angle of 45 
degrees with the ends, but as 
the slab increases in length, the 
lines of fracture make a less 
angle with the ends ; con- 
sequently, with a square slab 
the supports are equally loaded, and as the length 
increases the load increases on the side supports and 
decreases on the end supports. 

It^ is therefore obvious that the reinforcement must 
be designed for the width, and for the length, of slabs 
that are less in length than twice their width. This can 
be done, as with beams, by equating the bending moment 
with the moment of resistance. The proportion of the 
load borne by the opposite supports must be determined 
for the bending moment, or the bending moment must 
be obtained for the full load and proportionate!}* reduced 
for the width and length. 

For this purpose the following equations may be used, 
which will give the proportions in accordance with the 
foregoing explanation : 



/ = 


0-05 B -|-0*45 L 

B ^ 


r 


0-95 B— 0-45 L 

B 


Or r = 1— as f+r = 1 . Where B = breadth of the slab. 

L = length of the slab. 

/ = proportion of the load borne by the side supports, or 
the factor to reduce the bending moment when the 
slab is taken as a beam of length equal to the breadth 
of the slab. 

r = proportion of the load borne by the end supports, 
or the factor to reduce the bending moment when the 
slab is taken as a beam of length equal to the length 
of the slab. 
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Other rules are used for the purpose, but -no two 
exacth’ agree, the most general being the two given 
below ; the derivations of these are not very clear, but 
the rules are given, with the author’s, for comparison, 
and use if preferred. 


When 

Grashof and Rankine 

French Go 

►vernment 





L 

- L*^ 



1 


f — 


/ — 

r — 

B 

L-i-t-B-* 

L-' + B* 

^ 1+2B-* 

1-I-2L+ 

10 

0*50 

0*50 

0*33 

0*33 

1*25 

0*71 ^ 

0-29 

0*55 

0*17 

1*5 

0*83 

0*16 

0*71 

0-09 

1*75 

0*90 

0*07 

0*83 

0*05 

2*0 

0 94 

0*05 

0*89 

0*03 


By the Author. 


L _ 

B 

^ 0*05 B -1- 0*45 L 

„ 0-95B-0-45L 

^ B 

B 

1*0 

0*50 

0-50 

1*25 

0*613 

0 387 

1*5 

0*725 

0*275 

1*75 

0*837 

0 163 

2*0 

0*95 

0*05 


Example XVIII. — Determine the safe load for a granite 
concrete slab, 10 feet by 8 feet, 5 inches thick, sup- 
ported all round and reinforced in both directions 
with J inch round bars placed 6 inches apart, center 
to center. The bars across -the slab are placed on 
top of the longitudinal bars, the axis of the latter 
being 1 inch from the bottom of the slab. 

Taking the breadth first, the bending moment will 
be : — 

W L ^ ^ 0-05B-h0-45L 0-05x8-|-0-45xl0 

_/,and/ = = = 

0-613. 
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Hence 


M 


W8xl2x0-613 


8 

To determine W we must find the moment of resistance, 
which, for compression, will equal 


Taking one lineal foot of slab, b will be 12 inches, 
a =2x0-1963 =0-392 6 square inch, and as these bars 
are on top of the longitudinal bars, d will be 3-5 inches. 


™ 12m a d , (a m\^ a m 

Then „ - + (_) — ^ - 


4 


2 x 0-392 6 X 15x 3-5 , /0-392 6xl5\2 0-392 6x15 


12 




12 


12 


= y' 3-665 — 0-49 = 1-43 inches. 


Hence, the moment of resistance equals 


600x12x1-43 

_ 



3 ) 


15 567 inch-lb. 


Equating this with the bending moment we have : — 

8WXI2X0-613 _ 

8 

Therefore W - . 2 116 lb. 

This load is for a portion of the slab 1 foot by 8 feet ; 

K 
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therefore, the load per square foot, including the weight 

of the slab, will be = 264-5 lb. The weight of the 

8 

slab per square foot equate 150 x ^ = 62-5 lb. ; 
deducting this we get 264-5—62-5 = 202 lb. per square 
foot for thejexternal load. 


The stress in the steel equate 

d-n 600x15(3-5—1-43) 
t ---cm - 


n 


1-43 


13 028 lb., 


which is well within the limit. 

Checking the reinforcement along the length of the 
slab, or the stress in the opposite direction to those 
already obtained, 


M 


W Lr 
8 ' 


and r = 


0-95 B— 0-45 L 
_ 


= 0-387. 


The load for the 1 2 inch strip equals 264 -5 x10 =2 645 lb .; 


then M 


2 645x10x12x0-387 
8 


15 354 lb. ; 


therefore”' 


15 354 



4 inches. 


and 


n = 


12x0-392 6x15 X 4 , 

^0-392 6 X Uyy 

i 12 

\ 12 ) 


0-392 6 xl5 


1-55 inch ; 


12 
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hence, c = 


2x15 341 


30 682 


b f 


(^-(1 


12xl-55f 4 


1-55 


— = 474 lb. 


t =c m 


d — n_AnA X 15 (4 — 1-55) 


n 


1-55 


= 11 2381b. 


With an external load of 202 lb. per square foot we 
get the following : — ^The stress in the concrete, acting 
across the slab, equals 600 lb. per square inch. 
The stress in the steel acting across the slab equals 
13 028 lb. per square inch. The stress in the concrete 
acting along the slab equals 474 lb. per square inch. The 
stress in the steel acting along the slab equals 1 1 238 lb. 
per square inch. 


.d^xample XIX. — Design a floor for a span of 8 feet by 
12 feet, to carry a load of 160 lb. per square foot, 
exclusive of its own weight. 

Using hard stone concrete ; thus allowing for c to be 
600, and / to be 16 000, and m to be 15. 

Taking the breadth first, 


M = 


W L / 
8 ’ 


/ = 


0-05 B +0-45 L 
B 


0-05 x8 + 0-45 X 12 
8 


0-725. 


W equals the external load plus the weight of the 
slab. Taking a 12 inch strip across the breadth, and 
assuming the full depth will be about 5 inches, W will be 
(160 + 150x^) 8 = 222-5x8 = 1 780 lb. 


Then 


M = 


1 780x 8x 12x 0-725 


15 486 lb. 


8 
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For the economic section use the same equations as 
for beams, 


where d 




15 486 


12 X 95 


= 3-7 inches. 


Area of steel required equals p h d, and p, for these^ 
stresses, equals 0-006 75, see page 85 ; therefore a =' 
0-006 75x 12x 3-7 = 0-3 square inch, say bars fg-inch 
square placed 6 inches apart. 

For the reinforcement along the length of the slab^ 
taking a 12 inch strip, W = 222-5x12 = 2 670 lb_ 


M = ^ L r _ 2 670x12x12x0-275 ^ 


8 


8 


The depth of the reinforcement, to give the same stresses, 
will be ; — 



13 216-5 
12x95 


3-4 inches. 


a =pbd'= 0-006 75 x 12 x 3-4 = 0-276 square inch. 
Say 2 bars | inch square, per foot of width. 

’ The difference in the required depth for the bars is 
3-7 — 3-4, only 0-3 inch, and the distance between the 
axis of the bars is 0-4 inch ; consequently, the cross bars 
must be placed 3-8, say 4 inches from the top. With 
1 inch cover, the full depth will be 5 inches, the same as 
allowed for in estimating the load. If ^-inch bars 
are also used for the top, instead of f inch, the depth 
need not be altered. 

To avoid errors in construction it is advisable to use 
the same size rods throughout and to effect economy in 
the spacing, rather than use rods almost equal in size 
with equal spacing. The spacing for any size rods can 
be determined by the formula used to determine the area, 
thus : —a — p h d\ therefore, the breadth, or distance 
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apart for rods for any area will equal b = 3. In the 

b a 

present example, if we use ^-inch square rods along 
the length of the slab their distance apart wdll equal 


7 

IS 

0-006 75 X 3-4 


= 8-3 inches. 


Example XX. — This example is taken for the purpose of 
comparing the strength of a coke-breeze concrete 
slab with a granite, or hard stone concrete slab, 
and to introduce the different values required for 
designing. 

Determine the thickness, and the reinforcement, for a 
coke-breeze floor slab for the same span and load as that 
of Example XIX. 

The weight of coke-breeze concrete can be taken as 
130 lb. per cubic foot. 

Allowing for a thickness of 6 inches, the load per 

1 30 

square foot will be 160-t--^ = 225 lb. 


Taking a 12 inch strip across the slab. 


M = y.— /= = 15 660 inch-lb. 

8 8 


For the economic section, for coke-breeze, where 
c = 250, ^ = 16 000, and vn = 30, d = yj- 


M 

36b 


-4 


■ 1 15 660 


36 X 12 


36-25 = 6-02. 
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The area of steel can be determined by the equation 
p bd, where p = 4^’ equating compression 

and tension, thus : — 

c b 11 , r r c b n 

t a ; therefore — — = a, 

2 2 ^ 

and 

30x2Mx 6- ^ 45150 _ 1 -92 ind, ; 

(+»!<: 16 000 + 300 x 250 23 500 

therefore a ^ 000 ° square inch. 


Using square bars, the most suitable size will be ^-inch; 
two of these per foot will give 0-196 square inch, or the 
distance apart for the rods to give the correct amount 

wdll equal b = — but as we have not got p already 
p d 

worked out for these stresses, it will be quicker to deter- 
mine b by proportion, thus : — 

0-18 : 12 inches : : (— )~ : b ; 

V16/ 

therefore b = =6-5 inches. 

0-lS 

For the reinforcement along the length of the slab, 
taking a 12 inch strip. 


WLr 

8 


225 X 12 X 12 X 12 X 0-275 


= 13 365 inch-lb. 
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and 


then a 


n = 


c b n 


30 x250 X5-56 
16 000+30 X 230 


250 X 12 X 1-77 
2x16 000 


1-77 inch ; 


0-166 square inch. 


The same size rods can be used as for across the slab. 

As the depth to the bottom of the rods must be 6 
inches, bj' allowing 1 inch cover, the full thickness will 
be 7 inches, 1 inch more than allowed for in estimating 
the load ; this, however, is not enough to make any 
appreciable difference in the stresses. 

Comparing the two cases we have : — 



Thickness 
oi Slab. 

Area of Long 
Bars. 

Area of Cro^^s 
Bars 

Total Area. 

Coke-breeze 

7 inches 

0-166 square 

0*18 square 

0 340 inch per 

Concrete 


inch per ft 

inch per ft. 

square foot 

Stone 

5 inches 

0-276 square 

0-3 square 

0 570 inch per 

Concrete 


inch per ft 

inch per ft 

square foot 


Slabs securel 3 ' fixed in the walls, or continued over 
beams or other supports that are perfectly le\'el and 
rigid, must be considered the same as fixed beams ; they 
are 1 J times as strong as slabs merely supported. Thej’- 
can be designed in a similar manner to those already de- 
scribed, but there will be a reverse tensional stress over 

the supports, where the bending moment will be — pyj 

and the bending moment at the center of the span be 

To guard against imperfect fixing, or deflection 

of the supports, it is, however, advisable to take the 
bending moment for both the center and the ends as 

^ The same area of reinforcement will then be 


12 
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required for both positions, and it can be arranged to 
meet the reverse stress by bending it up to pass the 
center of the depth at one-fourth the span, as Fig. 74. 



Fig. 74 . 


RIB AND TILE FLOORS. 

The object of this class of floor is to keep the ceilings 
level and as free as possible from beams. To attain this 
object the floor slabs are designed to span the full width 
and length of the rooms, except in exceptionally large 
spans ; consequently, they often turn out to an excessive 
thickness and weight. To keep the weight at a mini- 
mum, all useless concrete is removed and replaced with 
light hollow clay tile. 

In designing a slab of this class we have to consider 
how much of the concrete is useless, or how much can 
be removed without affecting the combined resistance 
of the concrete and steel. For this we must bear in 
mind the fact that the steel must be encased with suffi- 
cient concrete to protect it from fire and water, and 
sufficient to provide for the bond and shear stresses. 
The concrete above the neutral axis is designed to take 
the direct compression ; consequently, none of this can 
be removed ; that below the axis is in the tension area, 
but is not designed to take tension ; it is, however, 
resisting shear, and at least half the shear should be 
taken by the concrete ; therefore, if sufficient is retained 
for this purpose, the remainder can be removed, as in the 
following example. 
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Example XXI. —Design a rib and tile floor slab for an 
effective span of 20 feet. The load to be carried, 
exclusive of its own weight, to be 100 lb. per square 
foot. 


Allowing for the weight of slab to be 100 lb. per square 
foot, the total load for 1 foot by 20 feet of slab will be 
200x20= 4,000 lb. 

Taking the slab as simply supported. 


M = 


W L 
8 


4 000 X 20 X 12 
8 


120 000 inch-lb. 


By the usual formula : — 




4 


120 000 
95x 12 


lOJ inches. 


or a full depth of 1 1^ inches. 

a = p b d = 0-006 75 X 12 X 10-2o = 0-83 square inch. 

The size rods to use will depend on the spacing, which 
will be governed by the size of the tile ; those generally 
used are 12 inches wide, which is a standard size. Using 
this size and allowing for a 4 inch rib, the spacing for 
the rods will be 16 inches ; thenft= p b d == 0-006 75 x 
16 X 10*25 = 1*107 square inch ; which will be provided 
t>y 1 j%-inch round bar, or 1 ^-inch square bar. 
There should in no case be less than a 3-inch rib to 
encase the rods. The standard size tile should be con- 
sidered together with the thickness of the ribs and spacing 
•of the rods. 

The thickness of the slab above the tile must also be 
■considered with the thickness of the standard tile ; in 
no case should there be less concrete than the depth to 
the neutral axis, which thickness, for this case, where 
the concrete and steel stresses are 600 and 16 000 lb. 
respectively, will be 0*36 0-36 x 10-25 *3*69 inches. 

The concrete can, therefore, be removed to within, say, 
3f inches of the top. This would leave 7f inches for the 
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tile, of which the standard thickness is 8 inches ; there- 
fore, the full depth of the concrete should be not less than 
Ilf inches. The section will be as Fig. 75. 

The thickness of the slab should never be less than 3 
inches, and if less than the depth to the neutral axis, 
each rib should be designed separately" as a beam ; for 
which see chapter on Tee-Beams. 



The weight of the slab should now be computed, and, 
if necessary, adjustments made accordingly. 

It will be noticed that the reinforcement must be 
designed for one way only, which should be across the 
short span. The shear and bond stresses must be con- 
sidered as explained for tee beams. 

In checking floor slabs of this description they must 
be taken as a series of tee beams, the width of the table 
being taken from the center of the tile on each side of the 
rib ; see chapter on Tee Beams. To check, determine 
the neutral axis first ; if this turns out above the bottom 
of slab, complete the checking by the formulas for rect- 
angular beams. If the axis is below the slab, check by 
the tee beam formulas. 

Instead of filling in with hollow tile, the space 
can be left and metal lath and plaster attached to the 
bottom of the ribs by means of wire hangers being 
embedded in the concrete. 


RIB SLABS. 

Rib slabs are used for the same reason as rib and tile 
slabs, but where it is not necessary to have the ceilings 
level. The cost of these is a little less than rib and tile. 
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when standard steel forms are used, but if steel or wood 
forms have to be specially made for the job there is not 
likely'' to be any appreciable difference in the cost of the 
two sj'stems. 

Rib slabs are designed in the same way as the rib and 
tile, in the previous example, excepting that the clear 
space between the ribs is generallj* taken between 20 
and 26 inches. The ribs have sloping sides caused by 
the forms being tapered to facilitate removal. The 
sloping sides are also an advantage in increasing the 
shear area of the concrete. 


Example XXII. —Determine the thickness of slab, size 
of ribs and the reinforcement for a rib slab to carr\' a 
load of 100 lb. per square foot. The span being 24 


feet, and the bending moment 


\V L 
10 


The distance 


between the bottom of the ribs to be 24 inches. 


Taking a portion of the slab 1 foot wide, 24 feet long, 
and allowing for its weight to be 100 lb. per square foot, 
the total load for this portion will be (100 + 100) 24 = 
4 800 lb. 


Then M = 


4 800 x24 xl2 
10 


= 138 240 inch-lb. 


d 


IM /138240 , 


a ^ p b dy p ^ 0*006 75, d = 11,6= distance apart of the 
bars, which, by allowing for a 4 inch rib, will be 28 inches. 
Then a= 0-006 75 x 11 x 28 = 2-079 square inches. 
Two bars 1 inch square will provide 2 square inches. 
Two bars 1 ^-inch square will provide 2-257 8 square 
inches. In practice the 1 inch bars would be considered 
sufficient. 
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Depth of the neutral axis, for the thickness of tke 
slab, will equal 0-36 d = 3-96, s^y 4 inches. Allowing 
IJ inch for cover to the steel, the section will be as 
Fig. 7G. 



Further particulars on slabs are given in the examples 
dealing with floors . 


TEE-BEAM FLOORS. 

When constructing a floor consisting of concrete 
beams and slabs, the concrete for the beam and slab 
above the beam, must be filled in,^to the top of the slab 
in one operation, to ensure perfect cohesion between the 
slab and beam. The thickness of the slab can then be 
included in the depth of the beam, and a portion of the 
slab can be added to the breadth of the beam, thus con- 
siderably increasing the compression area. No definite 
rule can be laid down to determine the precise width of 
the slab acting with the beam, for this is influenced by 
the thickness and width of the slab between the beams, 
the position of the reinforcement, amount of load, and 
with the slightest variation in the quality of the concrete. 
It is therefore, advisable for the designer to use his own 
judgment as to the width to allow for. 

When the slabs require reinforcing in one direction 
only, and that at right angles to the tee beams, the, com- 
pression in the slab or table of the beam, acting with the 
beam, will be in the opposite direction to that acting 
with the slab and wdll therefore not affect the compres- 
sion Hs usually taken in the slab ; consequently, a greater 
width of slab can be assumed as acting with the beam 
than if the slab requires reinforcing in both directions, 
but in no case should an amount be assumed of more than 
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three-eighths of the slab on either side, making the 
maximum width of the table equal to three fourths of 
the distance between the centers of the beams ; nor must 
it be more than 15 times the thickness of the slab, or 
one-third the span of the tee beam, or six times the width 
of the rib of the tee beam, whichever is the least ; no 
part of the slab will then be taken as atting with more 
than one beam. When the slabs are reinforced in both 
directions, the total width of the table should in no case 
be taken as more than half the distance between the 
centers of the beams, or the overhanging width on each 
side of the web not more than six times the thickness of 
the slab, or the full width of the table not more than one 
quarter the span of the beam. When secondary beams 
are used at right angles to the main beams, the secondary'" 
beams must be considered as the tee beams, and the main 
beams designed as rectangular beams supporting the 
secondary beams and slabs. Without secondary beams, 
the main beams will be tee beams. 

If the neutral axis coincides with, or is above, the 
bottom of the slab, all the equations for singly reinforced 
rectangular beams can be used for designing or checking 
existing beams, but B must be substituted for b, where 
B equals the width of the table acting with the beam, 
as Fig. 77. 



Fig. 77. 


If the axis is below the slab, the whole thickness of the 
slab and a portion of the leg of the beam will be in com- 
pression. 

The compression in the slab will be 
BD (c+c 


o 


n 



2 ^‘*3 practical designing in reinforced concrete 
The compression in the leg of the beam will be 

n 

2 


The total compression will thus equal one-half of 


B D [ c -j-r 


w— DN ^ bcjn — 'DY 

n ) n 


Where D = thickness of the slab, and h = the thickness of 
the leg. 

With these conditions the center of compression will 
be less than ^ from the surface owing to the loss of com- 

O 

pression between the bottom of the slab and the neutral 
axis. 

If we neglect the compression in the leg —which can 
be done in small beams as it is too slight to make any 
appreciable difference —the center of compression can 
be obtained by the equation 


^ _ 3Dw— 2D\ 

^ 6w — 3D 

where g = the distance of the center of compression 
from the compression surface. 

In large beams, however, the compression in the leg 
should be considered, especially with a high percentage 
of reinforcement when the axis may be a considerable 
distance below the slab ; then 

„ _ B D" (3 « - 2 D) + 'b{2D +n){n-T>f' 

^ 3[BD(2w-D) — 

The neutral axis, t and c, can be determined by the 
following formulas : — 
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( 1 ) 


n = 



mad +D^ ( B — b) 
_ 


^ {B — b) +jn a 

\ b ^ 


D ( B — 6) + m a 
b 


( 2 ) 


( 3 ) 


t = 


M 


c = 


a {d—g) 


2 M n 


(^- ^) [B D (2 K - D) + b (n - Dy-^] 
If t is determined by 2, 

(- 1 ) 


c = 


/ n 


m {d — n) 


Example XXIII. — Determine the load for one of a series 
of beams 20 feet effective span, placed at 8 feet 
centers, and supporting a floor slab 6 inches thick, 
reinforced at right angles to the beams. The beams 
are 18 inches deep from the top of the slab to the 
center of the reinforcement, and 12 inches wide. The 
reinforcement in each beam consists of 4 bars 
inch square. There are no secondary beams. 

Taking the breadth of the slab acting with the beam 
in accordance Avith the rules on page 140, B will be 72 
inches . 

The load must be determined by equating the bending 
moment with the moment of resistance of the concrete, 
or of the steel, 'whichever is least when the maximum 
values are given to c and t. 

The formulas to use for c and t will depend upon the 
position of the neutral axis ; if this is beloAV the slab 
we must use the formulas for tee beams ; if it is within 
the thickness of the slab the more simple formulas for 
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rectangular beams will appty Trying the latter for the 
neutral axis we get : — 




l2m a d , 

1 m al 

^ ^ m a 

/ B + 

tdi 

B 


/2xl5x6-25xl8 /15x6-25y 15 X 6-25 ^ 

\ 72 { 72 J 72 

which is less than the thickness of the slab, therefore all 
the formulas for rectangular beams will apply. Hence, 
the moment of tension equals 


ta(d~‘^j = 16000 X 6-25(^18 — =1 611 100 inch-lb. 


Before taking this to find the load, see if the concrete 
would be overstressed with 16 000 lbs. in the steel, for, 
if so, it will be evident that the bending moment must 
be obtained by the moment of compression. 

By No. 4, page 143, 


t n 

m (d — n) 


16 000 X 5 -66 
15(18 — 5-66) 


489 lb. 


By this we see that the load must be determined by 
the moment of tension, for if we use the equation 


c'&nid—^ 

M= ^ iL 

2 

and insert the value of 600 for c, the bending moment 
would be much more than that already found, and the 
steel would be overstressed. Therefore, stressing the 
steel to 16 000 lbs. per square inch, there will be only 
489 lb. per square inch compression in the concrete, and 
the bending moment will be 1,611.100 lb. 
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Taking the beams as simply supported at the ends, 


therefore 


M = 


W L 

8 ’ 


8 M _8 xl 611 100 
TT 20x12 


53 703 lb. 


To find the live load for the floor, the weight of the 
floor itself must be deducted from the 53 703 lb. The 
portion of slab supported by one beam is equal to one- 
half the slab on each side ; therefore the weight equals 
8x20Xi|xl50 lb. = 12 000 lb. 

Weight of leg of beam = 1 x 1 x 20 x 150 ^ 3 000 lb. 

Total weight of each bay of floor = 15 000 lb. 

Safe load for floor = .53 703 — 15 000 lb. =38 703 lb. 
Say 240 Ib. per square foot. 


Example XXIV. — Determine the load for one of a series 
of beams 24 feet span, placed at eight feet centers, 
supporting a floor slab 4 inches thick reinforced at 
right angles to the beams, which have a full depth 
of 26 inches, breadth of 12 inches, and reinforcement 
consisting of 5 rods IJ inch square. 

As in the case of Example XXIII., the load must be 
determined by the moment of tension of compression, 
but in this case the slab being thin in relation to the 
depth of the beam the neutral axis will be below the 
bottom of the slab ; consequently the formulas for 
rectangular beams will not apply ; we must therefore 
use the formulas for tee beams. 

Taking the beams as simply supported at their ends, 

M = which must equal the moment of tension, 

8 

= / a (d—g). 

L 
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To determine g we must obtain the neutral axis which 
equals 


\2m a d + {3 — b) \m a + T> — b) 

^ 7 h 


m a + D (B — b) 
_ 


By rules on page, 141, B, the breadth of slab to be 
assumed as acting with, the beam, is governed by the 
thickness of the slab, and must not exceed 60 inches. 

Hence 


/2 Xl5 x7-8 x24+42(60-12) ’ 

V 12 

f 1.5 X 7-8 +4(60- 12)T-2 1 .')x7-8 +4(60— 12) 

L 12 . 12 

= 34 -.57 — 25-7.5 = S *82. 

If we neglect the compression in the leg of the beam 

^ 3D}i—2D '^ 3x4x8-8—2x16 

^ 6« — 3D 6 x8-8— 3 x4 


But to be correct the compression on the leg should be 
considered, then 


„ ^ B (3 n — 2 D) +b (2 D +n) {n — D)=^ 

3 [B D (2 w — D) -\- b [n — D)^] 

_ 60 x4-(3 x8-8 — 2 x4) + 12 (2 X4+8-8) (8-8-4? 

3 [30 X 4 (2 X 8 -8 - 4) +12 (8-8— 4)^] 

The moment of tension, 

t a {d — g) = 16 000 X 7-8 (24 — 2-1) = 2 737 500. 
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With this moment and 16 000 lb. in the steel the stress 
in the concrete will equal 


c = 


t n 

m {d — n) 


16 000 X 8-8 
15 (24— 8-8) 


620 lb. 


which is satisfactory. 

If c turned out more than allowed, it would be neces- 
sar}’’ for us to determine the bending moment by the 
moment of compression, by the formula, page 143, 
instead of by the moment of tension. 


M = 


WL 

8 


2 737 .500 inch-1 b- 


Hence W = = 76 042 lb. 

24 X 12 

To determine the live load for the beam the weight of 
the floor slab and beam must be deducted from the 
76 042 lb. The portion of slab supported by one beam 
is equal to one-half the slab on each side ; therefore the 
weight equals 24x8xf^xl50 = 96 00 lb. The weight 
of the leg of the beam equals x 1 x24 x 150 = 
6 600 lb. Weight of slab and beam = 16 200 lb. The 
live load for the beam equals 76 042 — 16 200 = 59 842 
lb. 


Example XXV. — Design a floor for a room 60 feet x 20 
•feet, to support a safe load of 150 lb. per square foot. 

The floor ma^’’ be divided into slabs 20 feet x 10 feet 
by placing beams across the room at 10 feet centers, as 
the length of each slab wiU then be twice its breadth, 
each may be taken as a beam 20 feet x 10 feet, the re- 
inforcement being designed for across the 10 feet span 
only. Taking one lineal foot of the length of the slab, 
we then have a beam 12 inches wide by 10 feet long. 
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The live load will be 150 x 10 = 1 500 lb. To this must 
be added the weight of the slab itself ; assuming this to 
work out to about 6 inches thick, its weight will be 
10 Xil X 150 = 750 lb. Hence, W = 2 250 lb. Being 
continuous slabs supported by beams, the bending 
moment can be taken as 


WL_2 250x10 x12 
12 12 


22 500 inch-lb. 


For the economic section, 

, riT 122 500 
^ = ^ 95102 ’ 

As not less than 1 inch must be allowed for cover to the 
bars, the full depth may be taken as 5J inches. 

a — p h d = 0-006 75 X 12 X = 0-365 square inch, 
say 2 bars inch square per lineal foot of slab, or 
I inch bars at 8 inch centers. 

The beams may be taken as tee beams of breadth not 
more than one-third of the span, say 80 inches 
or not greater than three-quarters the width of the 
slab. The former, being the smaller, is the amount to 
use. 

The load for each will be the live load and the weight of 
the slab for one bay, plus the weight of the portion of 
beam projecting below the slab. 

The load for one slab equals 2 250 x20 = 45 000 lb. 
Allowing for the leg to be about 12 inches square, its 
weight will be 150 x 20 = 3 000 lb. Therefore W = 3 000 
•H-45 000 = 48 000 lb. 


M 


WL 48 000x20x12 


= 1 440 000 inch-lb. 


8 8 

By the formulas for beams, but substituting B for b, 
V95 B~ \ 9 


440 000 
95 X 80 


= 13-76 inches. 
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a p ^ d — 0*006 75 X 80 x 13*76 = 7*43 square inches, 
say 5 bars IJ inch square. 

The width of the leg should not be less than one-sixth 
of the width taken for the table of the beam, say 
13 inches. The longitudinal and transverse sections 
of the floor will be as Figs. 78 and 79. 

The shearing stress is considered further on. 



Fig. 78. 


/0*0'' ■ — #o'o* - 





Fig. 79. 


Example XXVI. —Design a warehouse floor of the slab 
and beam type, 60 feet long and 30 feet wide. 

This floor may be divided into slabs each 15 feet by 
10 feet. (1) By placing main beams across the building 
at 15 feet centers, and secondary beams at 10 feet centers, 
as Fig. 80. (2) By placing a main beam down the center 

supported on two columns, and secondary beams across 
to the side walls, as Fig. 81. 

If the secondary beams in either plan are spaced at 
7^ feet centers, making 16 feet floor slabs instead of 12 
feet, the reinforcement need run one way only ; this is 
often desirable as it avoids complication of rods, or it 
enables a reinforcement to be used similar to that known 
as triangle mesh, in which the main reinforcement runs 
one way only. 
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The arrangement as Fig. 80 will necessitate very heavy 
main beams, which cannot be avoided if columns are 
not to be used. For comparison, the beams are here 
designed for both plans. 




""" ' 





1 


f ^ 

IS' 








1 

/o' 

i 









Pio. 80. Fig. 81. 


Taking the plan as Fig. 80, First design the slabs in 
the same manner as those of Example XIX. The 
length being less than twice the breadth, they will 
require reinforcement on both directions. 

P^o^'iding for stone concrete 6 inches thick, and a safe 
live load of 250 lb. per square foot, the total load per 
square foot will be 250+ ^ x 150 = 325 lb. 

The bending moment, taking 1 foot of the length first, 
L 

will be multiplied b}’ the coefficient /, see page 127, 

0*05 B + 0*-1.5 L 0*05 X 10 +0-45 X 1 5 

J g , Yo ’ 


hence, M 


325 X 10 X 10 X 12 X 0-725 
12 


= 23 562 inch-lb. 


For the economic section. 


j M 123 562 ,, . - 


AJlowing I inch cover, the full thickness of slab will be 
5| inches. 

a = p h 0-006 75x12x4-5 = 0-364 square inch 
say two bars ||-inch square = 0-38 inch. * 
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Taking 1 foot of the width for the longitudinal rein- 
forcement, 

,,, W L r , 0-95 B— 0-45 L , 

M = — — — , and r = — g ^ (see page 127), 

0-95 X 10 — 0-45 X lb 

0-2/O. 


Hence, M = 


325x 15x lox r2x0-275 
12 


20 109 inch-lb. 


For the same stresses the depth of the rods must be : — 





20109 
95 Xl2 


4-2 inches, 


and a must be 0-006 75 x 4*2 x 12 = 0-34 square inch. 
But to avoid error in placing, the same size rods as 
across the slab would be used ; the3' can, however, be 
placed further apart, the correct spacing being, 


a 


(see page 95) = 


0-1914 

0-006 75 x4-2 


G-75 sxi ' iHrrc inches. 


Of course, for practical reasons the\' will be placed 
directly on top of the bottom rods, wjhich is about one^t 
inch lower than is realty necessary ; this, however, is an 
advantage for it will reduce, c, this wa.y of the slabs, to 
about 570 lb. 

To effect the strictest economy for the longitudinal 
reinforcement, the amount required can be determined 

M 

by the formula, a = ^ , where d, in this case equals 

, 0-88 t d 


\\ inches less half the diameter of the rods, it will there- 
fore be inches. 


Then 


20 109 

0-88x16 000x4-25 


0-336 square inch. 
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For the beams at 7^ feet centers, 


,, WL 325x7-5x7*5x12 ,qoqi- u iu 
M = — — = — = 18 281 inch-lb. 


12 


12 


■-4 


18 281 


95 X 12 


= 4 inches. 


a = 0-006 75 x 12 x4 = 0-324 square inch, to run across 
the slab onh*, with distribution rods about 1 8 inches apart . 

Now consider the tee beams. The load for each will 
be one-half the load for the bay on one side multiplied by 
the coefficient /, plus the weight of the leg of the beam. 
The remainder of the load of the floor slab is transmitted 
to the end supports, and will be taken as a distributed 
load on the main beams. Assuming, the leg will be about 
6 inches by 9 inches, its weight will be 150 x 15 xO-f) x 
0-75 = 844 lb. The total load will then be 844+325 x 
10x15x0-725 - 36 188 lb. 

As these are continuous beams supported on main 

beams M = __ at the center, and at the ends 

24 


Then 


M 


36 188 X 15 x 12 
12 


542 820 inch-lb.. 


at the center. 

The slabs being reinforced parallel to the beams, the 
width of the table must not exceed one-fourth of the slab 
on each side, allowing for this amount, B will equal 60 t 
inches. By the formula as for rectangular beams and 
slabs, but substituting B for b, we have ; — 


, / M /542820 

^ “ A 95^ = Wx60 = 


a =-pbd. Again substituting B for we get a = 0 *006 75 
X 60x9*76= 3*95 square inches, say 4 bars 1 inch 
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square. Allowing 1^ inches from the axis of the steel 
to the bottom of the beam, the full depth will be 11 J 
inches, or 6 inches projection below the slab. 

As previously explained, for stresses of 600 and 16 000 
n = 0-36 d = 0.36 x9-75 = 3-5 inches, which is less than 
the effective depth of the slab ; consequently, the beam 
will do as designed. 

For the breadth of the leg we need only consider what 
width is necessary to properly space the bars, and to 
comply with the conditions given on page 141, for this 
portion of concrete is not considered in the strength, the 
whole being below the axis. To provide room for 4 
bars the breadth must be at least 10 inches, which is also 
sufficient to satisfy the other condition. 

If the neutral axis falls below the slab the above form- 
ulas will not be correct for designing the depth and rein- 
forcement ; this, however, is only likely to occur when 
the floor is designed for an exceptionally heavy load and 
with a thin slab, or when the table of the beam is taken 
much less than in this example. If such a case occurs, 
it is best to assume the depth or reinforcement, or both, 
then check the stresses by the formulas on page 121, 
and if necessary adjust the dimensions accordingly. 

The beams in the present case being continuous, their 
strength at the supports must be investigated, for here 
the stresses are reversed, the compression being at the 
bottom and the tension at the top ; we thus have an 
inverted tee beam and therefore lose the advantage of 
the table in resisting compression ; we have then, in 
effect, a rectangular beam, and being supported on beams 

W L 

the bending moment will be ■, or one-half that for 

the center = 271 410 inch-lbs. 

By bending up two of the bars to within 1| inches of 
the top, and running the other two straight through, we 
get a doubly reinforced beaiji, effective depth 10 inches, 
breadth 10 inches, with an area of steel in compression, 
and in tension, equal to 2 square inches. 

Checking the stresses by the formulas for doubly rein- 
forced beams. 
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12 m {a d-vA-c v) \ m{Kc-\-a) 

-V b ^+L — i — _ 


m {Ac+a) 

b 


)30 (2 X 10+2 X 1-5) /15x4\2 15x4 

re ; — re- 

= \/105 — (> = 4-246 inches. 


c = 


2 M 


bn > d — ^ j + 2 Ac 77* — — — {d —y) 

O ' fl 


2x271 410 


10 x 4-246f 10 j +2 x2 X 15(llHi£_i:5)(10-l -5) 


542 820 
694 


782 lb. 


c m {d — n) _ 782 x lo (10 — 4-24) 
n 4-24 


15 935 lb. 


This shows the concrete to be considerably over- 
stressed but the bars cannot be better arranged, there- 
fore the depth must be increased towards the ends, or an 
additional bar must be placed in the bottom to take up 
’the excess compression. 

The former method can only be adopted where the 
appearance is not .an objection. 

By placing another inch bar in the bottom we get : — 

Area of steel in compression 3 square inches. 

Area of steel in tension 2 square inches. 


^ = 



15x5 


3-89. 


10 




10 X 3*89 { 10 - 1 ^) + 2 x 3 x 15 { ; 8-5 
\ o / * Hy 


671 lb. 


_ 671 X 10x6-11 ^ 
3-89 


The concrete is still a trifle overstressed. A further 
adjustment can be made if considered necessar}'. 


Fig. 82. 


Without an extra bar, but by increasing the effective 
depth to 12 inches, and bending down the two bars, as 
Fig. 82, we get the following : — 


J 30 (2 X 1 


2+2xT5) / 15x4'' 2 15x4 

To ^ \ 10 / icT 


= •a/117 — 6 = 4-82 inches. 


542 820 
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MAIN BEAMS. 

These axe 30 feet long, with a concentrated load 10 
feet from each end equal to the reactions of the tee 
beams on each side ; the load at each point thus equals 
the load for one beam = 36 188 lb. To this must be 
added the uniformly distributed load of the beam itself, 
and the remainder of the load for the slabs, not taken 
with the tee beams, that is the portion directly trans- 
mitted to the main beams by the ends of the slabs rest- 
ing upon them. Allowing for the beams to be about 
4 feet by 2 feet 3 inches, its weight will be, 4x2-25x30 
X 150 = 40 500 lbs. 

The load transmitted to the beam directly bj^ the slab 
is equal to the load for three slabs multiplied by the 
coefficient r, = 3 x 325 x 10 x 15 x 0-275 = 40 218 lb. 

The distributed load therefore equals 40 500-f40 218 
= 80 718 lb. 

The bending moment at the center from the concen- 
trated loads wall be the reaction of one end multiplied 
by the distance to the load {vide Fig. 64) = 36 188 x 10 
X 12 = 4 342 560 lb. 

The bending moment of the distributed load = 


\VL 

8 


80 718x30x12 
8 


= 3 632 310 inch-lb. 


Hence M= 4 342 560-1-3 632 310 = 7 974 870 inch-lb. 
For a singly reinforced beam 


d = JJL. 

>95 6 

Taking 6 as 0-6 c?, then 




M 


0-6x95 


^ 7 974 870 , 
0-6 x95 


52 inches. 
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b =0-6 = 0-6 X 52 = 31-2 inches. a=pbd= 0-006 75 x 

31-2x52= 10-95 square inches. Say 7 bars IJ inch 
square. 

By this we see that to use beams w-ith single reinforce- 
ment, proportioned to develop the maximum allowable 
stresses they would require to have an effective depth 
of 52 inches, with a breadth of 31J inches, which would 
be large heavy beams. 

The size can be reduced by using compression bars, 
thus making a doubly reinforced beam, as follows : — 
Limiting the effective depth to 3 feet, the breadth to 
20 inches, and allowing 2 inches cover to the steel, the 
full section will be 38x20 inches. Its weight will be 

^121^x30x150= 23 750 lb. 

144 

The bending moment for the distributed load will then 
equal 


(23 750+40 218) 30x12 ^ ^ g^g 
8 

Then total M equals 4 342 560+2 878 560 = 7 221 120 
inch-lb . 

Now design the reinforcement as in Example IX. 
p b 0-006 75x20 x36 = 4-86 square inches. 

The bending moment this will resist equals 


t a 



and 


n •= 


mcd 
t+m c 


15x600 x36 
16 000 + 15x600 


12-96 inches. 


Hence 

M = 16 000x4-86 (^36 — j = 2 463 437 inch-lb. 
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This leaves a balance for additional reinforcement of 
7 221 120— 2 463 437 == 4 757 683 inch-lb. 

The moment of tension wll hea' t{d — y). Equating 
this with the excess bending moment, 

M 

t{d — y)' 

Placing the compression bars 2 inches from the top, 

, , 4 757 683 „ — . , 

then a ;= 8- /.) square inches, 

1<; 000 (36 — 2) ^ 


and 


A. - 


^,d — n_ 8-75 (36— 12-06) 
" 12-96— 2 


18-39 square inches. 


We therefore require 18-39 square inches of steel for the 
compression bars, and 4-86-4-8-75, say 13-61 square 
inches for the tension bars. Say 7 bars 1 j^-inch 
square in the bottom, and 7 bars If inch square in the 
top. 

For the floor as plan. Fig. 81, the slab will do as 
designed for Fig. 80, also the secondary beams, but for 
the beams that intersect over the columns the bending 
moment should be taken as previously explained. 

The main beams can be taken as fixed at the ends with 
a central load equal to the reactions of the two secondary 
beams, which will be half the load on each, a total of 
36 188 lb. To this must be added the uniformly dis- 
tributed load of the beam itself, and the remainder of 
the slab load not taken with the tee beams. Assuming 
the beam will be about 2 feet 6 inches by 1 foot 6 inches, 
its weight will be 2-5 x 1-5 x 20 x 150 lb. = 11 250 1b. 
The load transmitted to the beam directly by the slab 
is equal to the load for two slabs multiplied by the co- 
efficient r, = 2 x325 X 10 X 15;40-275 = 26 812 lb. The 
bending moment for the concentrated load, for the 
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center and ends, may be taken as 


\V L 


and that for the 


distributed loads will be^-i^t^then the total bending 


12 


moment will be 


36 188 x20xl2 (11 250+26 812) 20 x 12 
8 12 

= 1 085 G40 + 761 250 = 1 846 890 inch-lb. 

For a singly reinforced beam, 

d 


I M 

\ 95 d' 


Taking Z) as 0-6 d, then 


d = ® ^ = V32 400, sav 3 1 -88 inches. 

V 0-6x95 


b = 0-6 d, say 19-13 inches, and a =p b d = O-OOO 75 x 
19-13x31-88 = 4-12 square inches. Say 4 bars 1 inch 
square. A beam with single reinforcement will therefore 
require an effective depth of 2 feet 8 inches, breadth 1 
foot 7 inches, and 4-12 square inches of steel. 


FOR A DOUBLY REINFORCED BEAM. 

Taking d as 24 inches, 5 as 14 inches, and designing 
as in the previous case. Weight of beam equals 


26 

12 


X — x20 X 150 = 
12 


7 583 lb. 


M = 1 085 640- 


(7 .583+26 812) 20 X 12 ^ ^ 540 inch- 

12 


Jb. a = 0-006 75 X 24 X 14 = 2-268 square inches. The 
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bending moment this will resist 

and n = 0*36 d = 8-64 inches. 

Therefore, 

M = 16 000 X 2-268 — = 766 403 inch-lb. 

This leaves a balance for additional reinforcement of 
1 773 540— 766 403 = 1 007 137 inch-lb. 

, M 

a == r . 

> t{d — y) 

Taking as 2 inches, then 

, 1 007 137 . , 

^ ^ square inches. 

16 000x22 ^ 


A = ” _ 2-86(24— 8-64) 

H — y 8-64 — 2 


6-62 square inches. 


Total area of steel in tension = 5-13 square inches- 
Total area of steel in compression = 6-62 square inches- 
Say 5 tension bars and 6 compression bars, each 1 ^ inch 
square. 

Designing this beam by the formulas given on page 120- 
we get : — 

^ A/ ^rb^^x 0-^^ ° 26-9 inches. b= 0-6 =0-6 x 26-9' 

==16-14 inches. a = 0.0108 x 16-14 x 26-9 = 
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4-(i9 square inches, and Ac = a = 4-09 square inches, 
which must not be placed further from the compression 
surface than J n. 

These beams, with the tee-beams of 
Fig. 82, will give the best case. The 
longitudinal and transverse sections of 
the whole floor will be as Figs. 84 and \ 

85. ! 



Fig. 85. 


FLAT SLAB FLOORS. P ^ 

This system of floor construction is | 

the most difficult one for the inexperi- I 

enced to design, but its advantages I 

over the beam sj'stem for industrial S 

and similar buildings is giving it rapidly P i 

increasing popularity. It is claimed I * 

to be the most economical floor in form | 

construction, and in the installation | 

of the sprinkler system of fire protec- | 

tion, by virtue of the flat ceiling, see p ' 1 

Fig. 86 ; also in that there is a saving i 

in storey' height, due to absence of I 

beams, amounting to approximately | 

one whole storey in 8’ or 9, depending - | 

upon the ceiling heights adopted, this p 

reduction in the total height of a build- f 

ing effects a verj- considerable saving | 

in the main walls, stairways, elevator I 

structure, heating, plumbing, and elec- | 

trical installations. Other claimed ad- 

vantages are: — (1) Better light and 

ventilation, there being no beams to 

cast shadows, interfere with the diffusion of light or 

to prevent free circulation of air currents. (2) More 
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fire resistance ; as there are no projecting corners to be 
exposed to the action heat and water, as in beam floors. 
(3) A considerable saving in time of construction, the 
storeys being less in height, the floor more simple in 
construction, and more speedier in form work, than for 
any other kind of floor. 

TYPES OF FLAT SLAB CONSTRUCTION, 

In this system there is no standard method of distri- 
bution, or placing of the bars, nor is there an}' standard 



Fig. 86. 

Flat Slab Floor, showing the clear flat ceiling and the arrangement of 
column caps, drop panels, and the sprinkler system of fire protection. 


formula for designing, various formulas and methods 
are adopted according to the ideas of the designer, 
developed through laboratory' work and analysis deter- 
mined by tests made on completed floors, but all formulas 
are more or less empirical as it is a type of structure in 
which the stresses are impossible to accurately deter- 
mine ; no adequate theoretical analysis of the stresses 
has ever been given ; consequently, there is much 
uncertainty as to the distribution of the stresses within 
the slab. 

The slab may be of uniform thickness throughout, or 
it may be thickened a few feet out, and around the 
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column head, forming what is termed a drop panel ; 
or it may be thickened between the columns to appear 
like a wide shallow beam which forms a central sunk 
panel . The method of reinforcing may be classed under 
four headings. (1) The two-way system, in which the 
reinforcement is placed in two directions, at right angles 


T' 

— 


an 

ni 




1 









in 



Fig. 87 . 


Fig. 88. 




Fig. 90 . 


to one another and parallel to the sides of the panel 
formed by lines joining the columns. (2) The four-wa 3 ’ 
system, in which the reinforcement is placed over a 
certain width of the slab between the columns, in the 
same directions as in the two-way system, and in addi- 
tion two widths of reinforcement placed diagonally 
between the columns. (3) The three-way system, in 
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which the columns are arranged at the apexes of equa- 
lateral triangles, and the reinforcement placed in three 
directions passing directly over the columns, which have 
flaring caps with hexagonal or circular drops. (4) The 
circumferential system, in w’hich circular bands of rein- 
forcement are placed around the columns with bars 
radiating from the column centers. Circular bands of 
reinforcement are also placed at the center of the sides 
joining the column head ; these bands overlap those 
around the column heads. The centre of the panel is 
reinforced in a similar manner. 

These four systems are illustrated in P'igs. S7, 88, 
89, 90. 

There are other methods of arranging the reinforce- 
ment which are either a modification of one, or a com- 
bination of two, of those described. 

Several methods are patented, of which the most 
generally known is the C. A. P. Turner Mushroom 
S3’'stem. The latest improvement of this is known as the 
Spiral Mushroom Sj'stem, illustrated in Fig. 91, in w'hich 
the various stages of placing the steel are shown. Stage 
one shows the frame of spider on which the flat spirals 
are placed, the spider keeping the spirals at the proper 
height near the top of the slab. In the second stage, 
series of rods of a width approximately two-thirds the 
diameter of the spiral are - placed in two directions 
parallel to the column lines, these rods being at the top 
of the slab over the spirals and dipping sharply down- 
w'ard to the bottom of the slab beyond the line of inflec- 
tion. Then diagonal strip from mid-span to mid-span 
of the sides are placed in the bottom throughout, as 
shown in the third stage. And finally in the fourth 
stage it is shown how' parallel rods in two directions fill 
in the central area, each set of rods rising to the top of 
the slab over the saddle back areas and dropping to the 
bottom therefrom, and continuing through the bottom 
of the slab in the central half of the panel. 

It thus appears that the entire area of the, slab is 
completely covered by parallel rods in two directions, 
which arrangement is effected in four stages as just 
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described in order to be able to place these rods at proper 
levels with respect to the rest of the reinforcement in a 
convenient manner. 

The chief advantage of the Spiral Mushroom over the 
original form of construction, lies in the reduction of the 
thickness of the mat of slab steel over the supports . This 
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Fig. 91. 

Showing the various stages of placing the steel in the C. A. P. Turner 
Spiral Mushroom System of flat slab floor. 


thickness is reduced in two layers of slab rods and a spiral 
rod which is generally about the size of the slab rods. 
Th6re are accordingly only three thicknesses of steel in 
place of five layers in the original system. 

The limiting minimum thickness of the slab for plain 


rods is taken as — 
48 


plus an amount necessary for massing 
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of the Steel, embedment, and fireproofing, which amount 
is taken as 2 inches for | inch or smaller rods, 2^ inches 
for fe rods, 2^- inches for J inch rods, and 3 inches 
for inch rods. 

L equals the span between column centers. For 
rectangular panels L is for the longer span. 

For panels supported on beams or walls, the embed- 
ment thickness is taken 1 inch less than given above. 


but if the panels are rectangular, L is taken as 


(aa-i- 62 ) 

a -{-b 


where a and b are the spans of the two directions re- 
spectivelj'. 

The two-way system appears to be the most generally 
used, probably on account of its comparative simplicity 
of design and construction. The four- way system is the 
next most used. 

Various authorities, and city building ordinances, differ 
in their requirements for this class of floor construction, 
any one of the following, however, may be considered 
to meet the conditions of any case, in the most logical 
and satisfactory manner. Many floors have been de- 
signed bj" each of them, and they all appear to have 
given results consistent with safety and economical 
construction. 


AMERICAN JOINT COMMITTEE ON CONCRETE AND 
REINFORCED CONCRETE, 

The co-efficients and moments given relate to uni- 
formly distributed loads. 

(a) Column Capital. The moment of the external 
forces which the slab is called upon to resist is dependent 
upon the size of the capital ; the section of the slab 
immediately above the upper periphery of the capital 
carries the highest amount of punching shear ; and the 
bending moment developed in the column b}*" an eccen- 
tric or unbalanced loading of the slab is greatest at the 
under surface of the slab. Generally the horizontal 
section of the column capital should be round, or square 
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with rounded corners. In oblong panels the section ma3' 
be oval, or oblong, with dimensions proportional to the 
panel dimensions. For computation purposes, the 
diameter of the column capital will be considered to be 
measured where its vertical thickness is at least 1^- inches 
provided the slope of the capital below this point nowhere 
makes an angle with the vertical of more than 4,1 degrees. 
In case a cap is placed above the column capital, the part 
of this cap within a cone made b3' extending the lines of 
the column capital upward at an angle of 47 ) degrees to 
the bottom of the slab or dropped panel ma3' be consid- 
ered as part of the column capital in determining the 
diameter for design purposes . Without attempting to limit 
the size of the column capital for special cases, it is recom- 
mended that the diameter of the column capital ('or its 
dimension parallel to the edge of the panel) generalh' 
be made not less than one-fifth of the dimension of the 
panel from center to center of adjacent columns. A 
diameter equal to 0-22.1 of the panel length has been used 
quite widely and acceptabh'. For heav3' loads or large 
panels special attention should be given to designing 
and reinforcing the column capital with respect to com- 
pressive stresses and bending moments. In case of 
heav3’' loads or large panels, and where the conditions 
of the panel loading or variations in panel length or other 
conditions cause high bending stresses in the column, and 
also for column capitals smaller than the size herein 
recommended, especial attention should be given to 
designing and reinforcing the column capital with respect 
to compression and to rigidit3' of connection to floor slab. 

(b) Dropped Panel. In one t3"pe of construction the 
slab is thickened throughout an area surrounding the 
column capital. The square or oblong of thickened slab 
thus formed is called a dropped panel or drop. The 
thickness and the width of the dropped panel ma3’ be 
governed b3" the amount of resisting moment to be pro- 
vided (the compressive stress in the concrete being 
dependent upon both thickness and width), or its thick- 
ness may be governed by the resistance to shear required 
at the edge of the column capital and its width b3' the 
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allowable compressiA’e stresses and shearing stresses in 
the thinner portion of the slab adjacent to the dropped 
panel. Generally, however, it is recommended that the 
width of the dropped panel be at least four-tenths of the 
corresponding side of the panel as measured from center 
to center of columns, and that the offset in thickness be 
not more than five-tenths of the thickness of the slab 
outside the dropped panel. 

(c) Slab Thickness. In the design of a slab, the re- 
sistance to bending and to shearing forces will largely 
govern the thickness, and, in the case of large panels 
with light loads, resistance to deflection may be a con- 
trolling factor. The following formulas for minimum 
thicknesses are recommended as general rules of design 
when the diameter of the column capital is not less than 
one-fifth of the dimension of the panel from center to 
center of adjacent columns, the large dimension being 
used in the case of oblong panels. In the following 
formulas i = total thickness of slab in inches . L == 
panel length in feet, w ^ sum of live load and dead load 
in pounds per square foot. 

For a slab without dropped panels, minimum t — 
0 •024L-Y/aj -f 1 ; for a slab with dropped panels, mini- 
mum ^ =0-2 L y'zu + I ; for a dropped panel of which 
the width is four- tenths of the panel length, minimum 
i= 0*03 L'y'ze+lJ. 

In no case should the slab thickness be made less than 
6 inches, nor should the thickness of a floor slab be made 
less than ^ of the panel length, nor the thickness of a 
roof slab less than ^ of the panel length. 

(d) Bending and Resisting Moments in Slabs. If a 
vertical section of a slab be taken across a panel along a 
line midvray between columns, and if another section be 
taken along an edge of the panel parallel to the first 
section, but skirting the part of the periphery of the 
column capitals at the two corners of the panels, the 
moment of the couple formed b3'' the external load on 
the half panel, exclusive of that over the column capital 
(sum of live and dead load), and the resultant of the 
external shear or reaction at the support at the two 
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column capitals (see Fig. 92), may be found by ordinary 
static analysis. It will be noticed that the edges of the 
area here considered are along lines of zero shear except 
around the column capitals. This moment of external 
forces acting on the half panel will be resisted bj' the 
numerical sum of (a) the moment of the internal stresses 
at the section of the panel midway between columns 
(positive resisting moment), and (b) the moment of the 
internal stresses at the section referred to at the end of 
the panel (negative resisting moment). In the curved 



Fn.. 


portion of the end section (that skirting the column), the 
stresses considered are the components which act parallel 
to the normal stresses on the straight portion of the section. 
Analysis shows that, for a uniformly distributed load, 
and round columns, and square panels, the numerical 
sum of the positive moment and the negative moment at 
the two sections named is given quite closely by the 

equation M. = \w I [l — ~ ■ In this formula and in 

those which follow relating to oblong panels : — 

w = sum of the live and dead load per unit of area. 
I = side of a square panel measured from center to 
center of columns. 

h = one side of the oblong panel measured from 
center to center of the columns. 
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k = other side of oblong panel measured in the 
same way. 

d = diameter of the column capital. 

M, = numerical sum of positive moment and nega- 
tive moment in one direction . 
ily numerical sum of positive moment and nega- 
tive moment in the other direction. 

For oblong panels, the equations for the numerical 
sums of the positive moment and the negative moment 
at the two sections named become, 

Where M,, is the numerical sum of the positive moment 
and the negative moment for the sections parallel to the 
dimensions k, and is the numerical sum of the posi- 
tive moment and the negative moment for the sections 
parallel to the dimensions h. 

What proportion of the total resistance exists as posi- 
tive moment, and what as negative moment is not 
readily determined. The amount of the positive mo- 
ment and that of the negative moment may be expected 
to var}’ somewhat with the design of the slab . It seems 
proper, however, to make the division of total resisting 
moment in the ratio of f for the positive -moment to 
I for the negative moment. 

y^ath reference to variations of stress along the sections 
it is evident from conditions of flecture that the resisting 
moment is not distributed uniformly along either the 
section of positive moment or that of negative moment. 
As the law of the distribution is not definitely knovm,. 
it will be necessar\' to make an empirical apportionment 
along the sections ; and it will be considered sufficiently 
accurate generalh' to divide the sections into tw'o parts- 
and to use an average value over each part of the panel 
section. 

The relatively large breadth of structure in a flat slab- 
makes the effect of local variations in the concrete less 
than would be the case for narrow members like beams. 
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The tensile resistance of the concrete is less affected b}' 
cracks. Measurements of deformations in buildings under 
heavy load indicate the presence of considerable tensile 
resistance in the concrete, and the presence of this tensile 
resistance acts to decrease the intensitj’ of the compressed 
stresses. It is believed that the use of moment co- 
efficients somewhat less than those given in a preceding 
paragraph as derived by analysis is warranted, the calcu- 
lations of resisting moment and stresses in concrete and 
reinforcement being made according to the assumptions 
specified in this report, and no change being made in the 
values of the working stresses ordinarily used. Accord- 
ingly, the values which are recommended for use are 
somewhat less than those derived by analysis. The 
values given may be used when the column capitals are 
round, oval, square or obling. 

(e) Names of Moment Sections. For convenience, 
that portion of the section across a panel along a line 
midway between columns which lies between the middle 
two quarters of the width of the panel (HI, Fig. 92), will 
be called the inner section, and that portion in the two 
outer quarters of the width of the panel (GH and IJ, 
Fig. 92), will be called the outer sections. Of the section 
which follows a panel edge from column capital to column 
capital, and which includes the quarter peripheries of 
the edges of two column capitals, that portion within 
the middle two quarters of the panel width (CD, Fig. 
92), will be called the mid-section, and the two remaining 
portions (ABC and DEF, Fig. 92), each having a pro- 
jected width equal to one-fourth of the panel width, will 
be called the column-head sections. 

(f) Positive Moment. For a square interior panel, it 
is recommended that the positive moment for a section 
in the middle of a panel extending across its width be 


taken as ^ ze / (/ — ^ j . 


Of this moment, at least 


25 per cent, should be provided for in the inner section ; 
in the two outer sectipns of the panel at least •>.> per cent, 
of the specified moment should be provided for in slabs 
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not having dropped panels, and at least 60 per cent, in 
slabs having dropped panels, except that in calculations 
to determine necessary thickness of slab away from the 
dropped panel at least 70 per cent, of the positive moment 
should be considered as acting in the two outer sections. 

(g) Negative Moment. For a square interior panel, it 
is recommended that the negative moment for a section 
which follows a panel edge from column capital to 
column capital and which includes the quarter peri- 
pheries of the edges of the two column capitals (the 
section altogether forming the projected width of the 

, Of this negative 

moment, at least 20 per cent, should be provided for in 
the mid-section and at least Co per cent, in the two 
column-head sections of the panel, except that in slabs 
having dropped panels at least 80 per cent, of the speci- 
fied negative moment, should be provided for in the 
two column-head sections of the panel. 

(h) Moments for Oblong Panels. When the length of 
a panel does not exceed the breadth by more than r> per 
cent., computation may be made on the basis of a square 
panel with sides equal to the mean of the length and the 
breadth. 

When the long side of an interior oblong panel exceeds 
the short side by more than one-twentieth and by not 
more than one-third of the short side, it is recommended 

that the positive moment be taken as ^ w h 

on a section parallel to the dimension h, and 


panel) be taken as ^ w I [I 


h { I2 — 


on a section parallel to dimension / 1 


that the negative moment be taken as ^ w h ^ j 
on a section at the edge of the panel corresponding to the 


dimension h, and ^ w h (I 2 — at a section in the 
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other direction. The limitations of the apportionment 
of moment between inner section and outer section and 
between mid-section and column-head sections ma}* be 
the same as for square panels. 

(i) Wall Panels. The co-efficient of negative moment 
at the first row of columns away from the wall should be 
increased 20 per cent, over that required for interior 
panels, and likewise the co-efficient of positive moment 
at the section half-way to the wall should be increased 
b^’ 20 per cent. If girders are not provided along the 
wall or the slab does not project as a cantilever beyond 
the column line, the reinforcement parallel to the wall 
for the negative moment in the column-head section and 
for the positive moment in the outer section should be 
increased b 3 ' 20 per cent. If the wall is carried bj' the 
slab this concentrated load should be provided for in the 
design of the slab. The co-efficient of negative moments 
at the wall to take bending in the direction perpendicular 
to the wall line may be determined b}’ the conditions of 
restraint and fixedness as found from the relative stiff- 
ness of columns and slab, but in no case should it be 
taken as less than one-half of that for interior panels. 

(j) Reinforcement. In the calculation of moments all 
the reinforcing bars w'hich cross the section under con- 
sideration and which fulfill the requirements given under 
paragraph (1) of this chapter ma}' be used. For a 
column-head section reinforcing bars parallel to the 
straight portion of the section do not contribute to the 
negative resisting moment for the column-head section 
in question. In the case of four-wa^’ reinforcement the 
sectional area of the diagonal bars multiplied b^' the sine 
of the angle between the di^onal of the panel and straight 
portion of the section under consideration maj' be taken 
to act as reinforcement in a rectangular direction. 

(k) Point of Inflection. For the purpose of making 
calculations of moments at sections away from the 
sections of negative and positive moment already 
specified, the point of inflection on an\' line parallel to a 
panel edge may be taken as one-fifth of the clear distance 
on that line between the two sections of negative moment 
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at the opposite ends of the panel indicated in paragraph 
(e) of this chapter. For slabs having dropped panels 
the co-efficient of one-fourth should be used instead of 
one-fifth. 

(l) Arrangement of Reinforcement. The design should 
include adequate provision for securing the reinforce- 
ment in place so as to take not only the maximum 
moments, but the moments at intermediate sections. 
All bars in rectangular bands or diagonal bands should 
extend on each side of a section of maximum moment, 
either positive or negative, to points at least twenty 
diameters beyond the point of inflection as defined herein 
or be hooked or anchored at the point of inflection. In 
addition to this provision bars in diagonal bands used as 
reinforcement for negative moment should extend on 
each side of a line drawn through the column center at 
right angles to the direction of the band at least a distance 
equal to thirty-five one-hundredths of the panel length, 
and bars in diagonal bands used as reinforcement for 
positive moment should extend on each side of a diagonal 
through the center of the panel at least a distance equal 
to thirty-five one-hundredths of the panel length ; and 
no splice by lapping should be permitted at or near 
regions of maximum stress except as just described. 
Continuity of reinforcing bars is considered to have 
advantages, and it is recommended that not more than 
one-third of the reinforcing bars in any direction be made 
of a length less than the distance center to center of 
columns in that direction. Continuous bars should not 
all be bent up at the same point of their length, but the 
zone in which this bending occurs should extend on each 
side of the assumed point of inflection, and should cover 
a width of at least one-fifteenth of the panel length. 
Mere draping of the bars should not be permitted. In a 
four-way reinforcement the position of the bars in both 
diagonal and rectangular directions may be considered 
in determining whether the wddth of zone of bending 
is sufficient. 

(m) Reinforcement at Construction Joints. It is re- 
commended that at construction joints reinforcing bars 
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equal in section to 20 per cent, of the amount necessary 
to meet the requirements for moments at the section 
where the joint is made, be added to the reinforcement, 
these bars to extend not less than oO diameters beyond 
the joint on each side. 

(n) Tensile and Compressive Stresses. The usual 
method of calculating the tensile and compressi\'e 
stresses in the concrete and m the reinforcement, based 
on the assumptions for internal stresses given in this 
report, should be followed. In the case of the dropped 
panel, the section of the slab and dropped panel may be 
considered to act integrally for a width equal to the 
width of the column-head section. 

(o) Provision for Diagonal Tension and Shear. In cal- 
culations for the shearing stress which is to be used as the 
means of measuring the resistance to diagonal tension 
stress, it is recommended that the total vertical shear on 
two column-head sections constituting a width equal to 
one-half the lateral dimensions of the panel, for use in 
the formula for determining critical shearing stresses, 
be considered to be one-fourth of the total li\ e and dead 
load on a panel for a slab of uniform thickness, and to be 
three-tenths of the sum of the live and dead loads on a 
panel for a slab with dropped panels. The formula for 


shearing unit stress may then be wTitten 


0-25 \V 

bjd 


for 


slabs of uniform thickness, and z;= for slabs wth 

0 ] a 

dropped panels, where W is the sum of the dead and live 
load on the panel, b is half the lateral dimension of the 
panel measured from center to center of the columns, and 
y d is the lever arm of the resisting couple at the 
section. 

The calculation of w’hat is commonly called punching 
shear mav be made on the assumption of a, uniform dis- 
tribution over the section of the slab around the pre- 
cipheiy of the column capital and also of a uniform dis- 
tribution over the section of the slab arovmd the per- 
iphery of the dropped panel, using in each case an amount 
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of vertical shear greater b 3 ' 25 per cent, than the total 
vertical shear on the section under consideration. 

(p) Wall and Openings. Girders or beams should be 
constructed to carrj’' walls and other concentrated loads 
w'hich are in excess of the working capacity' of the slab . 
Beams should also be provided in case openings in the 
floor reduce the w’orking strength of the slab below the 
required carrj'ing capacity. 

(q) Unusual Panels. The co -efficients, apportion- 
ments, and thicknesses recommended are for slabs which 
have several rows of panels in each direction, and in 
which the size of the panels is approximately the same. 
For structures having a vadth of one, two or three panels, 
and also for slabs having panels of markedly different 
sizes, an analj’sis should be made of the moments 
developed in both slab and columns and the values given 
herein modified accordingly. Slabs with panelled 
ceiling or with depressed panelling in the floor are to be 
considered as coming under the recommendations herein 
given. 

(r) Bending Moments in Columns. Provision should 
be made in both wall columns and interior columns for 
the bending moment which will be developed by un- 
equallj' loaded panels, eccentric loading, or uneven 
spacing of columns . The amount of moment to be taken 
b^" a column will depend upon the relative stiffness of 
the columns and slab, and computations ma 3 i' be made 
b 3 '- rational methods, such as the principle of least work, 
or of slope and deflection. Generally, the larger part 
of the unequalized negative moment will be transmitted 
to the columns, and the column should be designed to 
resist this moment. Especial attention should be given 
to wall columns and comer columns. 
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Requirements of American Joint Committee and Building 
Departments of various American Cities for Reinforced 
Concrete Flat-slab Floor Construction. 



W = Total live and dead load on the panel 
L = Length of panel measured centre to c^tre of columns. 

Strips A and B are the same i\adth m all cases, and equals half the «pan ol the panel, center 
to center of the column See Fig 94. 
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The following examples are given to elucidate the 
formulas for designing a flat-slab floor system. 


Example XXVII. —Determine the design for a four-way 
flat slab floor to carry a load of 250 lb. per square 
foot, including its ovm weight. The columns to be 
spaced at 20 feet centers. The design to complj^ 
with the requirements of the Chicago and Los 
Angeles Building Codes. 


Diameter of column = — =20 inches. 

12 

Diameter of capital = = 4 feet G inches . 

4-44 

Width of drop panel = ^ = G feet 8 inches. 

Total load, W = 20 x20 x250 = 100 000 lb. 

Strip A, positive moment (mid-way between columns) = 


WL;_ 100 000 x20x12 
_ _ 


MOO 000 inch-lb. 


Strip A, negative moment (over column), = 


WL_ 100 000x20x12 
30 30 


800 000 inch-lb. 


Strip B, positive moment (center of panel) = 


WL 

120 


100 000x20x12 
120 


= 200 000 inch-lb. 


Strip B, negative moment between columns = 


WL 

120 


200 000 inch-lb. 
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W L 

Moment for wall column == = 400 000 inch-lb. 

60 

Least full thickness of slab =7-2 inches. 

44 

The thickness of the drop panel must be determined by 
computing it as a beam, but it must not be less than 
required to take care of the punching shear around the 
perimeter of the column capital, using the allowable unit 
shearing stress of 120 lb. per square inch. The shear 
area will equal the perimeter of the cap multiplied bj’ the 
thickness ; this area multiplied by 120 will give the total 
shear the concrete will take; therefore, S=120 p t, 
where p = perimeter of capital, = 54x3-1416, say 170 
inches. S = total shear around one capital, which will 
equal the total load for one panel less that directly over 
the column capital, it therefore equals 100 000— 0-7854 
x4-5 x4-5 x250 = 96 125 lb. 


Then 


t = 


96 125 


120 p 120x54x3-1416 


= 4- 


which is all that is necessary for the punching shear. 
Computing the thickness as for a beam we can apply 

IT 


the formula used throughout this work, where d 


95 b. 


For the drop panel, ^ = 80 inches. M, as already found, 
equals 800 000 inch-lb. 


Hence, 


d 


4 


800 000 
95 X 80 


= 10-26 inches, 


which is the greatest of the three requirements, a = 
p h d = 0-006 75 x80 x 10-26 = 5-55 square inches. 


For strip A, midway between the columns, 

M - ^ = 300 000 inch-lb. - JJZ"'",. 
80 \95x 10x12 


= 5-13, 
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or say a full thickness of 6 inches, the minimum allowed. 
a= 0-006 75 x 120 x 5-13 = 4-155 square inches. 

For strip B, negative moment for between columns, 
and positive moment for center of panel will each equal 
200 000 inch-lb. 

The effective thickness of the slab is alreadj^ deter- 
mined as 5-13 inches ; then a, for both positions, equals 


M 

0-88 t d 


200 000 

0-88x16 000x5-13 


2-76 square inches. 


The reinforcement for the negative moment over the 
columns is divided into the cross and diagonal bands. 
Authorities differ on the proportions into which it should 
be divided, some take one-third for the diagonal, and 
two-thirds for the cross band ; others take a proportion 
between this and an equal division. Tests on completed 
floors under working conditions tend to show that the 
stresses in the diagonal and cross bands are approxi- 
mateh'- equal, whether it is actually so or not, it is evident 
from the satisfactor 3 r performance of existing structures 
that an equal distribution of this portion of the steel is 
perfectly satisfactory^ 

For the case under consideration, making the steel for 
the cross and diagonal bands equal, the steel in the top 

5-55 

of the slab over the column, will be — — = 2-775 square 

inches, sa\' 12 bars J inch square for both the cross band 
and the diagonal band. The bars are usually made to 
lap over the column, so this would mean 6 bars from each 
side, each extending over the column to the quarter point 
of the span on the other side. 

The steel for the bottom of the slab in the center of 
the panel, i.e., the center portion of strip B, is the amount 
of steel in a diagonal band. 

The steel for the positive moment in each strip A, 
i.e., in the bottom of the slab midway between the 
columns, shall be the area of steel in a cross band 
which equals 4*155 square inches, say 17 rods inch 
square. 
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The steel for the negative moment in each strip B, 
i.e., in the top of the slab midway between columns, 
equals 2-76 square inches, say 11 rods J inch square, or 
20 rods I inch square. 

The width of the cross and diagonal steel bands are 
usually taken about 
four-tenths of the 
width of the panel, 
in this case say 8 
feet ; the arrange- 
ment of the bands 
will then be as Fig. 

95. 

All rods over the 
columns are to be 
bent up to near the 
top of the slab, the 
bent up portion ex- 
tending one quarter 
of the panel length 
on each side of the 


Example XXVIII, — By the formulas recommended in the 
Report of the American Joint Committee, determine 
the design for a two-w’ay flat slab floor with drop 
panels, for the same load and column spacing as that 
of example XXVII. 

The panel will be divided as Fig. 94 ; the formulas 
to use are as follows : — 

Diameter of column capital, 0-225 L = 4 feet 6 inches. 

L 

Width of drop panel, ^ feet. 

Minimum thickness of drop panel, 0-03 L V® + 1", but 
not less than 6 inches, or ^ ; therefore, least thickness 
equals 0-03 x20 x -s/ 250-1-1" = lOJ inches. 
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Fig. 95. 

Minimum thickness of slab 

0-02LVa5+l"= 0.02x20V^O + l"= 7 J inches. 

Positive M = where W = w 
and c = diameter of column capital. 


Therefore W = 250 (20 - 1 x 4-5 V = 72 250 lb. 


,, 72 250x20x12 

Then + M = 2^ = 693 600 inch-lb. 
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Negative M, for over columns, 
W L 72 250 X 20 x 12 


= 1 150 00(1 inch-lb. 


The thickness for the drop panel and the slab can be 
determined by the formula used throughout this work, 


where 


I M 

\95 


For the thickness of the slab away from the drop panel 
the recommendations are that 70 per cent, of the positive 
moment should be considered as acting in the two outer 
sections, which two sections are equivalent to a portion 
between the columns equal in width to half the panel. 
Then for the thickness of slab the moment will be 70 per 
cent, of 093 000 = 485 520 inch-lb. 


Hence, d = ^ 485 .>20 =( 3.3 inches, 

>/95x 10x12 

or a full thickness of 7| inches, which agrees with the 
minimum requirements. 

It is also recommended that at least 25 per cent, of 
the positive moment should be provided for in the inner 
section, or across the center portion of the panel, and that 
at least 60 per cent, should be provided for across the 
center of the two outer panels, that is across a portion 
midway between the columns equal in width to half of 
the whole panel. According to this, the moment for the 
inner section need not be taken at more than -f^-, 
about 36 per cent., of that used for determining the 
thickness of the slab ; consequently, to provide for this 
amount only, less steel can be used than would be given 
by the formula, a = p b d,JoT if this formula were used 
there would be sufficient steel to provide for the 70 per 
cent, moment used for the slab thickness, instead of the 
25 per cent. This is therefore a case in which we have 
more concrete than is necessary for what we call the 
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economic section, and is a case for which we can deter- 
mine the steel by the formula 

M 

" ~ 0-88 td 

Hence, the moment for the steel equals 

2r) 

X fi24 240 = li)6 060 inch-lb. 

ir>6 060 

0-88 x16 000x 6-2 ^ 1 -788 square inches. 


for the whole width of 10 feet. 

Across the portion midway between the columns 60 
per cent, of the positive moment should be provided for ; 

, . 60x624 240 

therefore, a = ipo ^ 0-88 x 16 000 x 6-2 "" square 


inches per foot of width. 

For the drop panels the recommendations are that at 
least 80 per cent, of the negative moment should be 
provided for ; then the moment here will be 0-8 x 
1 156 000 = 924 800 inch-lb., and b for the drop panel 
equals 8 feet ; therefore, 


d 




924 800 


95 X 8 x 1 2 


say 10 inches, or a full thickness of about 11 inches, 
w'hich also agrees with the minimum requirements. 

As the moment to be provided for is the same as used 
to determine the thickness of the concrete the formula, 
a — p h d, can be used for the reinforcement ; hence, 
using I inch square bars, the section of one will contain 
0-3906 square inches. The distance apart will therefore 
equal 


a 

p d 


0-3906 

0-006 75 X 10 


say 5J inches. 
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For all panels that are not continuous, such as those 
that are next to the walls, or against openings, the rein- 
forcement in the bottom of the slab midway from the 
wall, or opening, to the first line of columns, in both 
strips A and B, must be increased 25 per cent, to take 
care of the extra bending moment at these points. 


Example XXIX. — Determine the thickness of the slab, 
and the reinforcement for a two-way flat slab floor 
panel to comply with the requirements of the 
Chicago and Los Angeles building codes. The span 
and load to be the same as in the previous example. 


Diameter of column equals 


20 X 12 


12 


'« =20 inches. 


Diameter of column capital = 0-225 x 20 = 4 feet 0 inches. 

Width of drop panel, not less than one-third of span 
^>0 

= — = 6 feet 8 inches. 

3 

Negative moment over column capital = where W 

equals load on whole panel, = 20x20 x250 = 1 00 000. 


Then M = 


100 000x20x12 
30 


= 800 OOO inch-lb. 


The thickness of the slab and the reinforcement can 
be determined by the formulas used throughout this 
work ; hence, thickness of drop panel 



where b equals width of drop panel ; therefore 

^ = JSOOJOO =10.25 inches. 

N 95 x80 
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Allowing 1 inch for cover the full thickness will be 1 1 J- 
inches. The required reinforcement equals p b d — 
0-006 75 x80x10-25 = 5-535 square inches, saj' | inch 
square rods at 5^ inch centers for the full width of strip A, 
The positive bending moment for center of strip A = 

^ half that over the columns, or 400 000 ineh-lb. 
60 

Thickness of slab 

_ pOOW _ 5.52 

^95 X 10 X 12 

The full thickness, according to the ordinance, must not 
be less than 


Vk) _ VlOO 000 
44 44 


7-2 inches, 


nor must it be less than 


L _ 20x12 
32 32 


7-5 inches. 


The latter, being the greatest, determines the thickness. 
Allo'W’ing 1 inch cover, the effective depth will therefore 
be 6J inches, instead of 5-92, as found to be all that is 
really necessarj'. 

The effective depth being more than is necessary for 
the economic section the reinforcement can be found by 
the formula, 

M 400 000 , 

“ ■ FSSTS" 0-88x16 000 x 6-5 " 


The positive bending moment for the center of strip 
B, in the middle of the panel, and the negative bending 
moment for the center of the same strip, on the center 
line of columns, are to be taken as the same, and will 
\V L 

taken for strip A, midway be- 


120 
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tween column centers. It therefore equals "200 UOO inch- 
lb. The thickness of the slab is already fixed at 6 
inches, we therefore use this to determine the reinforce- 
ment for these center portions. 


Then a = 


200 000 

0-88 X 16 000 X 6-5 


2-19 square inches, 


or half that required for the center of strip A. 


W|m 
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W e now have the following data : — 


Diameter of column 
Diameter of column capital 
Width of drop panel .... 

Thickness of drop panel 
Thickness of slab 
Reinforcement in Strip A. in top of slab, over columns 


20 

4 feet 6 
G feet 8 
< Hi 

5 535 square 


inches 

inches 

inches 

inches 

inches 

inches 


Reinforcement in Strip A, in bottom of slab, centre portion 

between column . . - . . 4 37 square inches 

Reinforcement in Strip B, in bottom of slab at middle of 

panel . - 2.19 square inches 

Reinforcement in Strip B, in top of slab on centre line of 

Column 2 19 square inches 


For the floor panels that are not continuous, such as 
those adjoining the outer walls, the reinforcement in the 
bottom of the slab midway between the wall and first 
line of columns, in both strips, A and B, must be in- 
creased to take care of the 25 per cent, increase in the 
bending moment of these points. It will therefore 
require to be 5-46 and 2-74 square inches respectively at 
these points. 

The plan and section, through the drop panels, will be 
as Fig. 96, The figures on the plan being the steel 
required in the widths indicated. 


SHEARING REINFORCEMENTS. 

When the shear stress on the concrete exceeds the safe 
limit, special shear members must be used. When these 
are required some engineers design them to take all the 
shear ; this, however, is not necessary, as the introduc- 
tion of additional steel does not diminish the shear 
strength of the concrete, . The shear stress is sometimes 
called diagonal tension, but it should not be, as there 
is diagonal tension, also diagonal compression as well as 
shear ; the tension, compression, horizontal shear and 
vertical shear are of equal intensity at any point. The 
compression and tension act at right angles to one 
another, and at 45 degrees to the shear, as shown in 
Fig. 97. The shear creates a tendency for the con- 
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Crete to fracture along the lines S— S and the tension 
tends to pull the concrete apart in the direction of the 
compression line C ; 
consequently, rein- 
forcement placed at 
45 degrees in the 
direction of the line 
T, will be in ten- 
sion providing the 
adhesion of the con- 
crete to the steel is 
sufficient to allow the tension to act on the 
steel. 

For any distance, as x, Fig. 97, the horizontal shear 
will equal s multiplied by the distance x, where s equals 
the shear per inch of length for the steel. If the rein- 
forcement is to be placed vertical sufficient must be 
employed to take this amount ; therefore, the sectional 

area of steel required will equal where i = the safe 

shear per square inch for the steel, usually \'l UOO Ib. 

If the reinforcement is placed along the line T, it will 
be in tension, and the amount it will have to resist for the 
horizontal length x will be that acting along a di^^taime 
equal to c, which distance is to x as 1 is to the y'-2 ; 
consequently, reinforcement inclined at 45 degrees will 

be stressed equal to -4= times that of vertical reinforce- 

ment, and the stress will be tension so can be taken at 
16 000 lb. per square inch, instead of 12 000 lb. per 
square inch. It is therefore economical to employ in- 
clined shear members, for although they are equal in 
length to the yf times the vertical members the reduc- 
tion in sectional area will more than compensate for 
the additional length. 

As the sectional area required for vertical reinforce- 
ment equals that for inclined reinforcement, on the 



Fig, 1*7 . 
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S X , 

= —7=—, where 

V 2 t’ 

t = the limiting tension for the steel. 

Whether to adopt vertical or inclined members will 
depend to a certain extent on the disposition of the 
longitudinal stresses and bars. 

In a beam supported at the ends where the bending 
moment diminishes towards the supports, it is possible 
to crank up some of the tension bars, at a point where 
the bending moment is sufficiently reduced, and run 
them along to take the vertical shear, the most effective 
position being along, or just below, the neutral axis. 
Vertical members are then required to take the horizontal 
shear. 

VTien the longitudinal bars cannot be used for this 
purpose, inclined members must be adopted. 

Vertical and inclined members are arranged in the 
form of stirrups, and should be firmly clipped, or wired, 
to the longitudinal bars, and further anchored bj'^ hooking 
their top ends. The distance from center to center of 
the stirrups should not exceed the effective depth of the 
beam, and they should extend from the tensile reinforce- 
ment to at least one-third n from the compression 
surface. 

The American Joint Committee on Reinforced Con- 
crete, recommend that the spacing of vertical stirrups 
should not exceed half the depth of the beam, and that 
for inclined stirrups three-quarters the depth of the beam; 
others recommend two-thirds the depth for either ver- 
tical or inclined stirrups. 

The whole of the concrete above the tension bars assist 
in resisting the shear ; the stress, however, is not 
uniformh' distributed over this area, but is greatest 
where the longitudinal stresses are least, i.e., at and 
below the neutral axis. Above the neutral axis it 
diminishes, as ordinates of a parabola, to zero at the 
surface. The distribution below the neutral axis is 
rather uncertain, for if the concrete should be acting in 
resistance to tension, the shear will diminish in a similar 


1 . S X 

above reasoning, will equal times — 
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manner to that above the axis, but when a beam is fully 
stressed and the usual assumption is correct, that there 
is no tension in the concrete, the shear below the axis 
will be uniformly distributed. On this assumption the 
distribution of shear across the section will be as Fig. 98. 

As the area of a parabola 
equals two-thirds of a rectangle 
of the same width and height, 
the total shear above the axis ^ 

2 

■will equal n s, where s = the 

shear per square inch. The 
shear below the axis will equal 
b {d — n) s ; hence the total 
shear throughout the section 
will be, S = ^ b n s +b (d — n) s = 

sb[d — y j. From this, s, or the shear per square inch 

♦ 

S 

will be b ^ j, and the shear per inch of depth below 
S 

7't * 

the axis will be d — 

In slabs and rectangular beams with single reinforce- 
ment, designed to enable both the concrete and steel 
to be stressed to their allowable limits, as explained in the 
forego ng examples, there is seldom need for special shear 
members as the section generalh' turns out sufficient in 
area to give the necessary- resistance. Although this is 
the case it is often advisable to use them, if they are 
required or not will depend- on the purpose for which the 
structure is designed. If for a structure that may have 
to resist fire, or if it will be exposed to sudden and extreme 
changes of temperature, shear members will assist in 
holding the concrete together w^hen expanding or con- 
tracting ; for this purpose they should be small and 
numerous rather than large and scarce. 
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ADHESIVE STRESS. 

The intensit 3 ' of shear around the bars is known as the 
adhesive or bond stress, it will equal the shearing stress 

S 

across the section at the depth of the bars = d — This 

value divided by the perimeter of the bars will give the 
adhesive stress per square inch of bar surface. If this 
stress is found to exceed the safe allowance, usually 
100 lb. per square inch, further resistance can be .obtained 
b^’ securety fixing the shear members to the bars . 

Indented, twisted, or other deformed bars are often 
used for the purpose of increasing the adhesive resistance; 
extensive tests and experiments, however, indicate that 
there is seldom, if ever, need to use an}’’ other than a 
plain bar to resist this stress, as these are capable of 
resisting far more than they are usually called upon to 
develop. A plain round bar with ordinary mill surface 
will resist from 300 to 400 lb. per square inch of surface 
before the adhesive resistance is overcome and slip occurs. 
Bars with a fine rust coating will resist up to 15 per cent, 
more than mill surface bars, and polished bars about 
60 per cent, less than mill surface bars. The sliding 
resistance of an^’- bar is due to inequalities of the surface 
of the bar and to irregularities of its section and align- 
ment. The projections on a deformed bar give an exag- 
erated condition of inequality' of surface or irregularity'' 
of section. Adhesive resistance must be destroyed and 
sliding resistance largely' overcome, and the concrete 
in front of the projections must undergo an appreciable 
compressive deformation, before the projections on a 
deformed bar become effective in taking bond stress. 
Tests indicate that the projections do not materially 
assist in resisting a force tending to withdraw the bar 
until a slip has occurred approximating that correspond- 
ing to the maximum sliding resistance of a plain bar ; 
consequently', there appears to be no advantage in the 
use of deformed bars over plain bars to take care of the 
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adhesive stresses. They certainh^ offer greater resist- 
ance to sliding after the adhesion is overcome, but the 
value of reinforced concrete is largely due to the concrete 
and steel being so combined as to act as one, which they 
cannot do if the adhesion of the concrete to the steel is 
not perfect. 

The length of any rod embedded in concrete must be 
such as to permit of sufficient grip or adhesion to resist 
the direct stress of compression or tension in the rod, 
othervdse the concrete and steel will not act together, 
and the rod will slip before the full stress can take effect. 
For example, take a rod ^ inch square to be stressed to 
16 000 lb. per square inch. The stress in the rod uill 
equal its sectional area multiplied by 1 G 000 = 0 -25 x 
16 000 = 4 000 lb. Allowing 100 lb. adhesion per square 
inch of surface, the total adhesion will be 100 times the 
perimeter of the rod multiplied by the length, which 
must equal 4 000. The perimeter 4 xO-b 2 inches ; 

hence, 4 000 = 2 x 100/, then / = 20 inches. 

200 

From this reasoning the adhesion length equals 

— — where O = perimeter of rod. For a square rod 
0x100 ^ ^ 

a dia.2, and the perimeter = 4 times dia.. 


therefore. 


/ t d 

100 x4 d~IW ’ 


For a round rod 


i — di 
4 

100 TT 


t d 
400 ‘ 


The same rule is therefore, applicable to both square 
and round rods, and whether in compression or tension. 
From this rule it will be seen that the adhesion length 
must not be less than 40 diameters for 16 000 lb. ; 35 
o 
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diameters for 14 000 lb. ; and 30 diameters for 12 000 
lb. per square inch stress. 

Take the following as a further example. The rods 
in a column are | inch, and are to be lengthened by 
lapping and stressed to 10 000 lb. per square inch. For 
this the length of lap should be not less than 


lOOOOxi 

400 


19 inches. 


If the rods are square and close together, there will be 
only three sides of each to which the concrete can 
thoroughly adhere, then the lap length should be not 

less than 25 inches. 

For rectangular rods the adhesion length must be not 

less than where b and d ^ - the width and thick- 

200 {b +d) 

ness of the rod. 

In the following examples of the use of shear formulas 
the beams of the previous examples are taken to com- 
plete their design. 


Example XXX. —Taking the beam of Example VIL, the 
effective depth is given as 17-4 inches, b as 10-5 
inches, and a equals 3 bars inch square. 

S = the greatest shear = ^ at the supports = 

= 7) 000 lb. The greatest shear on the concrete, per 
square inch, equals 

s = ^ , and «= 0-36 d= 0-36 x 17-4 =6-264. 


5 000 


Hence, 


s 


10-5x15-4 


31 lb. ; 
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which is only 50 per cent, of the allowable stress. The 
intensity of shear per square inch around the reinforce- 


ing bars wull equal 



Where O = the perimeter of the bars. 


5 000 

Ih X 4 x3 X 15-4 


39 lb., 


which is much within the safe limit. 


Example XXXI. —Taking the beam of Example VIII. 


s = 




and S = 


W 


which, by taking the actual weight of the designed 
28 850 


beam, will be 


14 4251b. 


d = 26 inches, Z) = 15J inches, a = 4 bars | inch square, 
and n = 0-36 d = 9-29 inches. 


Therefore s = 14-5 


14 425 


( 25 - 8 - 2 ; 


9-29 


= 41 lb. 


The adhesive stress around the bars will be 
S 14 425 


0(d-fj ix4x4x22-7 


- = 45 lb. per square inch. 


In this case also the shear is much below the safe limit. 
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Example XXXII. —Taking the beam of Example XXV. 
The effective depth equals 13*76 inches ; the 
breadth equals 13 inches, and a = 5 bars IJ inch 
square. 


As the slabs do not receive any support directly from 
the side walls, i.e., the walls that support the beams, 
they must not be taken with the beams as resisting the 
shear at the supports ; consequently, the shear will be 
as for a rectangular beam, where 


Whether the slabs receive support from the walls [or 
not it is the general practice to ignore their resistance 
and consider the beams as resisting all the shear. 

The shear at the supports equals 


and 

hence 


S = ^ = 24 000 lb., 


n = 0*36 d, = 4*95 inches ; 


24 000 
13 X 12*11 


= 152 


Ib- 


As this is more than twice as much as the concrete 
can take, it is therefore evident that special shear 
members must be used. 

'Allowing for the maximum shear to be 60 lb. per square 
inch, the total shear for the concrete across the section 
will be 


60 b [d— Ij = 60 X 13 X 12*11 = 9 446 lb. 

This leaves a balance at the supports for shear members of 
24 000— 9 446 = 14 554 lb. 

The safe resistance of the steel to shear may be taken 
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as 12 000 lb. per square inch ; hence the area required 

will be =1-21 square inch. This can be provided 

b}' cranking up one of the tension bars and running it 
along at half the depth. It can be bent up from a point 
where the shear is reduced to the amount that the 
concrete \vill resist, providing the bending moment at 
this point is sufficient!}' reduced to admit of this being 
done. 

In a beam with a uniformly distributed load the shear 
diminishes uniformly from the supports to zero at the 
center, the stress at any point along the length being 
equal to the load between the point and the center of 
the beam, or we may say, equal to the reaction of the 
nearest support minus the load on the beam between 
that support and the point under consideration. 

48 000 

The load per lineal foot equals — — = 2 400 lb. 

The shear allotted to the concrete is 9 440 lb. ; there- 
fore, the distance from the center of the beam to where 

, -,1 - 1 , . 9 440 , j 

the bar must be cranked up will be ^ say 4 teet, as 

shown in Fig. 99. 

The tendency for the concrete to shear along a hori- 
zontal plane, which at any point is equal to the vertical 
shear at the same point, may be resisted b}' vertical 
members. It is usual to make these in the form of 
stirrups, equal in size, but spaced so as to be equally 
stressed. To do this it is best to find the total area of 
steel required to resist the whole of the excess stress 
along a plane through the neutral axis ; as the shear 
here is greatest there will then be sufficient steel to resist 
the stress at any other point of the depth ; the amount 
can then be divided into stirrups of suitable size, and 
placed at distances which will allow them to be equally 
stressed. Taking one-half the length of the beam, and 
allowing for the concrete to take the same amount as 
for the vertical shear, also neglecting the small resistance 
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of the slab, which is uncertain and in any case will tend 
towards safety ; the total shear to be provided for can 
be determined as follows: — 

We have found the stress for the shear members at the 

14 554 

supports to be 14 554 lb., therefore ^ — equals the 

^ 3 

shear stress across the breadth at the neutral axis = 

14 5^)4 

sa}' 1 200 lb. We have also found that the 


12-11 


concrete is capable of resisting all the shear at 4 feet 



Pig. 99. 


from the center of the beam. Now, as the shear dimin- 
ishes from the supports to zero at the center as ordinates 
of a triangle, the excess for which we require reinforce- 
ment will diminish to zero at the point where the con- 
crete is capable of resisting the whole stress ; conse- 
quently, the total excess along the neutral axis will 
equal one-half of the excess at this depth, at the support 
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multiplied half the length of the beam minus 4 feet, 
thus : — 


1 200 (10x12- 48 inches) 


= 43 200 lb. 


This apportionment and diminishing of the shear 
stress is illustrated b}’ the diagram, Fig. 99, where the 
triangle ABC represents the total shear for one-half the 
beam ; by scaling off from B to D the amount allotted 
to the concrete, the line D E drawn parallel to A B will 
intersect A C at a point where the excess of stress dimin- 
ishes to zero. Now by scaling off D F equal to the pro- 
portion of the stress for the reinforcement at the neutral 
axis, i.e., 1 200 lb., the area of the triangle D E F will 
represent the total shear along a plane through, or below, 
the neutral axis and equals the amount for which the 
stirrups must be designed, it will therefore be 


D F X D E _ 1 200 X 0 X 12 
2 2 


43 200 inch-lb. 


Allowing 12 000 lb. per square inch as a safe shear 
stress for the steel, the total area required will be 

43 200 ^ square inches. This amount can be divided 
12 000 ^ 

into as many parts as we wish to have stirrups. For 
nine sets of two stirrups each thej" will each require an 

o ^ 

area of = 0 -2 square inch for each stirrup . A stirrup 

2x9 

having two branches, the section of each branch will be 
0-1 square inch, say | inch by ^inch flat bar, or ^ inch 
by i inch if preferred ; no stirrup steel should be less 
than inch thick. The spacing can be determined as 
shown by the upper portion of the diagram Fig. 99, which 
is constructed as follows : —Make B G equal the portion 
of the beam in w'hich the stirrups are to be placed, 
describe the semi-circle, and divide B G into as many 
equal parts as there are to be stirrups ; from the center 
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of each division, draw perpendicular lines to intersect 
the semi-circle in points 1, 2, 3, etc., from G with radius 
to each of the divisions on the semi-circle draw arcs 
which will intersect G B at points where the stirrups are 
to be placed. 

The complete sections will be as Fig. 78 and 79. 


Example XXXIII. — ^Taking the doubly reinforced beam 
of Example' XXVI. The maximum shear per 
square inch equals 


s = 



n 

3; 


W 30 188+26 812 + 7 7)83. 
and S =— = (see page l.)9) 


= 37) 292 lb 


b = 14 inches, d = 24 inches, and -5 = 2-88. 


Therefore s = 120 lb. 

14 x(24 — 2-88) 

As this exceeds the safe limit shear members must 
be used. Allowing the concrete to take uO lb. per 
square inch, the total for the concrete will be 


50 b = 50 xl4 x21*r2 = 14 7841b. 

The balance for shear members at the supports will be 
35 292 — 14 784 = 20 508 lb. At 12 000 lb. per square 

inch, the sectional area of steel required will be = 

1'71 square inch. In this case the longitudinal bars 
cannot be cranked up, as the same quantit}^ is required 
for tension and compression at the supports as at the 
center. 
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Additional longitudinal bars could be used for the 
vertical shear, and vertical members designed to take the 
horizontal shear ; this, however, is not so practicable or 
economical as using inclined members. 

In this case, the shear will not diminish to zero at the 
center of the beam, as we have here a concentrated load 

of 36 188 lb., which whll cause a shear of = 18 094 

2 

lb. at any point between the center and the supports. 
To obtain the total shear for one-half of the beam we 
must add the shear from the distributed load . On page 
158 the distributed load is given as 1 1 250 -r26 812 = 

38 062 lb. From this the shear will be 19 031 

o 


lb., this portion, however, will diminish to zero at the 
center, therefore, the total shear at the supports will equal 
18 094-1-19 031 = 37 125 lb., which diminishes to 18 094 
lb. at the center. The shear diagram being as Fig. lOo. 



The shear allotted to the concrete is 14 784 lb., which 
■will leave a balance at the supports of 37 125 — 14 784 = 
22 341 lb., and at the center 18 094 — 14 784 = 3 310 lb. 

The shear for the steel per inch of depth at the sup- 
ports will be 


S 22 341 


1 058 lb. 


n 21-12 


3 


d 
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At the center 


3 310 
21 -l^ 


157 lb. 


Then the total excess horizontal shear for half the beam 
along, or below, the neutral axis will be, the average 
shear multiplied by half the length of the beam, it 
therefore equals 


f ^ j X 10 X 12 inches = 72 900 lb.. 


for which stirrups are required. 

For vertical stirrups the area of steel required will be 


72 900 . . , 

= 0 square inches. 

12 000 ^ 

For stirrups inclined at 45 degrees the area of steel 
will be determined as explained on page 189, where it is 

shown to equal — ^ where s x = the shear per inch 

multiplied by the length for which the stirrups are 
required ; s x for this case equals 72 900, hence the area 
of steel required equals 


72 900 

ylT’ 


which, taking ^ as 16 000, 


72 900 

1-414x16 000 


3-22 square inches. 


Say 8 sets of two stirrups, out of flat bar f inch 
by ^inch. 

the shear for the steel does not diminish to zero at 
any point along the beam, the spacing cannot be deter- 
mined in exactly the same wny as explained for Example 
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XXXII •, which method is onlj^ applicable to beams with 
a uniformly distributed load, or cases where the shear 
for the reinforcement diminishes to zero at some point 
between the center and the support. 

For the example under consideration, and for similar 
cases, the spacing can be determined in a somewhat 
similar manner to that of Fig. 99, as shown by Fig. 101, 
where A B C D represents the shear for which the 
stirrups are designed, and A B half the length of the 
beam. 



Continue C D to E, on B E draw the semi-circle, with 
radius E A draw the arc A F, from F draw the perpen- 
dicular F G, then divide B G into as many parts p there 
are to be sets of stirrups, and proceed as explained for 
Fig. 99. The inclined stirrups should be placed so as 
to pass through the intersection lines and the neutral 
axis, as shown in Fig. 101. The stirrups must be looped 
about, and attached to, the horizontal members in such 
a way as to insure against slip, and should be extended 
up into the slab with a hook bend at the top. 
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COLUMNS. 

Columns are reinforced with vertical rods tied together 
at intervals with horizontal bindings of wire, or wire 
wound in a spiral form around the bars. The object 
of binding is to prevent lateral expansion of the concrete, 
buckling of the bars when the column is loaded, and to 
prevent the bars being bent outwards with the tamping 
or the weight of the vret concrete. 

For a steel bar to act alone as a column and carry its 
full load without bending, it requires supporting along 
its length at distances not exceeding 20 times its least 
diameter, but when the bar is embedded well within the 
thickness of the concrete stiffeners are not required for 
this purpose as the concrete prevents lateral movement, 
but in columns the small thickness of concrete outside 
the bars offers very little resistance ; owing to this, and 
to prevent the bars being misplaced b3’ tamping the 
concrete, binders should be fixed at distances apart not 
more ‘than 2.o times the least diameter of the rods. 
Some city ordinances call for a spacing of not more 
than the least dimension of the effective section, nor 
greater than 1 5 times the diameter of the longitudinal bars . 

When the binding is closer together than six-tenths of 
the diameter of the column its resistance to the lateral ex- 
pansion of the concrete adds to the strength of the column , 
thus enabling the concrete to be stressed considerably' 
higher than would otherwise be possible. The details and 
strength of this class of column is considered further on. 

All binding should be well executed, great care being 
taken to obtain a tight binding without bending the 
bars inwards, which bending is almost as faulty as a 
loose binding. To avoid the possibility of this irregu- 
larity, templates should be used to keep the bars in 
position while the binding is being fixed and the ends 
securely' twisted together. 

In columns which are to support live loads, the binding 
should be closer together near the head to enable the 
bars to offer greater resistance to the shock without vi- 
bration and consequent disturbance of the adhesion bond . 
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In designing a column, one of the first considerations 
should be its diameter, which, whenever possible, should 
be not less than one-fifteenth of its length. The actual 
strength and the calculated strength can then be relied 
upon as being practically equal. With a load acting 
vertically and over the axis of the column the stress is 
uniform throughout the section, and if it does not exceed 
600 lb. per square inch on the concrete, and the column 
is not greater in length than 1 5 times its least diameter, 
there will be no danger of the column failing through 
bending ; consequently, the load it can support will 
equal the direct resistance of the concrete, plus the direct 
resistance of the steel ; the latter, however, cannot be 
stressed more than m times the stress on the concrete (see 
page 79) consequently , the total stress will be c multiplied 
by the sectional area of the concrete, plus m times c 
multiplied by the sectional area of the steel, where c = 
the stress per square inch on the concrete and m = the 
ratio of the co-efficients of elasticity. 

The effective diameter of a column is usually taken as 
the diameter measured from the outside of the vertical 
reinforcement, which should in no case be less than 7 
inches, the concrete outside of this being considered onh' 
as a protective covering to the steel. If the covering, 
however, exceeds 1^ inches the difference can be added 
to the effective diameter. Some city ordinances call for 
a cover of at least "2 inches. 

Designers vary, from 500 Ib. up to 700 lb., in the 
limiting stress for the concrete in plain columns ; a verj* 
satisfactor 3 ’’ value is one-fourth of the crushing resistance 
of 6 inch cubes at two months after mixing. 

In rectangular columns there must not be less than 
4 vertical rods and in circular columns not less than 6 
vertical rods. No rods should be less than f inch or 
more than 2 inches in diameter, and the total reinforce- 
ment should be not less than 0-5 per cent., or more than 
8 per cent, of the sectiohal area of the column. Some 
city ordinances call for not less than 1 per cent, or more 
than 5 per cent. The American Joint Committee on 
Reinforced Concrete recommend not less than 1 per 
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cent, or more than 4 per cent., with lateral ties of steel 
not less than i inch diameter placed 12 inches apart, 
or not more than 16 diameters of the longitudinal bars, 
and that the overall dimensions of the columns be not 
less than 12 inch. 

When the vertical rods are not continuous, the joints 
must be made by lapping, or by dowels or splice rods of 
equal area to the vertical rods to be supplied. The laps, 
dowels or splice rods must be of sufficient length to 
properly transfer the stress from the upper to the lower 
longitudinal rods, the length can be determined as ex- 
plained in the chapter on adhesive stress. 

Some engineers specif3’’ the joints to be made with a 
tight fitting pipe sleeve, the ends of the connecting rods 
being milled and close butted ; this method, however, 
cannot be recommended for eccentrically loaded columns 
or columns subject to side thrust. In all cases splices 
should onh* occur at or near floor levels or points of 
lateral support. 

All the longitudinal rods should extend into the foot- 
ings or other supports sufficient!}’’ far to develop the 
stress in the rods through adhesion, or dowels may be 
used instead of the main rods, the length being calculated 
as for adhesive stress. Dowels are generally used for 
footings as these can be inserted when the slab is poured 
and left protruding for the column connection ; the 
length in the slab and that protruding must each be 
sufficiently long to meet the adhesive stress requirements . 


Example XXXIV. — Determine the load for a circular 
column 12 inches effective diameter, 10 feet long, 
reinforced with six round rods 1 inch diameter. 
The stress on the concrete not to exceed 500 lb. per 
square inch. 

Area of rods equals 6 xO-785 4 =4*7 square inches. 

Area of concrete = 12 x 12 x 0-785 4 — 4-7 area of rods 
= 108-4 square inches. 

Taking m = 15, then the load, W, for the column equals 
108-4x500 lb,-f-4-7x 15x500 lb. = 89 450 lb. 
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Instead of finding the net area of the concrete by 
deducting the area of the steel, a more convenient and 
shorter method is to assume we have a section wholh* 
of concrete equivalent in strength to the existing section 
of concrete and steel, by replacing the steel with 1 .') times 
its area of concrete. 

This equivalent section will equal the full area of the 
column plus 14 times the area of the bars ; we take 14 
times because we have alread3' included the area of the 
bars once b^- taking the full section of the column and 
not deducting the area occupied by the bars. On this 
assumption we obtain the following equation : — W = 
c (A + 14 Ac), where W = the load for the column, A = 
area of the column. Ac = area of the steel, and c = safe 
stress per square inch for the concrete. 

Applying the above equation to the present case we 
get W= 500 (113-1 +14 x4-7) = 80 4.5(1 lb. 

The length of the column does not affect the load 
unless it is sufficienth' long to be liable to bend when 
loaded, for which cases see next chapter. 


Example XXXV. Determine the diameter of a square 
column to support a load of 200 ()(I0 lb., the rein- 
forcement to consist of 3 rods 1 inch square. 


By the formula in the previous example, 
c(A + 14 Ac), from this we get : — 

,, W-14Acf 


with c = 500, and Ac = 8 square inches. 


A = 


200 000 — 14 x8 x500 
500 


= 288 square inches. 


Then for a square column the effective diameter equals 
288, say 17 inches. Allowing 2 inches for cover, the 
full diameter will be 21 inches. 
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Example XXXVI. —Determine the diameter and the re- 
inforcement for a square column to support a load 
of 250 000 lb. The reinforcement to be 4 per cent, 
of the effective section of the column. 


In the formula, W = r (A -|- 14 Ac), we have two missing 
quantities, A and Ac, but Ac is to be 0-04 of A, we can 
therefore substitute this value for Ac, the formula then 
becomes : -W = c (A -M4 x 0-04 A), or c A ( 1 + 14 x 0-04) . 
From this we get : — 


A- 


W 250 000 

c (1 4-14 X 0-04) ~ 500 X 1 -56 


= 320 square inches. 



Sa^" 8 rods IJ inch square, giving 
12-5 square inches, which is near 
enough. The effective diameter 
of the column will be ^ 320 " 
17-89 inches. Allowing 2 inches 
cover the full diameter will be, 
sa3' 22 inches. The section will 
be as Fig. 102. 


LONG COLUMNS. 


With a long column, that is, where the length exceeds 
15 times its least diameter, there is a tendency' for the 
column to fail b\’ bending as well as by crushing, conse- 
quently* it is not so strong as a short column of the same 
section, therefore the load should be less ; no column 
should be longer than 30 times its least diameter. 

Owing to the lack of experiments with long reinforced 
columns the exact reduction of the load on what it would 
be for a short column is at present an uncertain quantity. 
Some authorities limit the permissible working stress for 
columns between 15 and 30 diameters long by the follow- 
ing formula : — 


c = c\ 


1 - 6 - 


25 d 


In which c' — permissible working stress for the long 
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column, c = permissible working stress for the column 

when ^ is less than la. / = unsupported length of column, 

d = effective diameter of column. 

Others reduce the load or limiting stress according to 
their own judgment or theory ; an application of 
Gordon’s formula, however, can be relied upon to give a 
satisfactorj'- reduction, where W = the load for a short 

column divided by 1 +^, in which k a constant 

ud'^ 

depending upon the method of fixing ; it equals 1 for 
both ends fixed, 2-."> for one end fixed and one endrounded 
or pivoted, 4 for both ends rounded or pivoted. 

u = a constant depending upon the shape of the cross 
section, it is taken as 2 500 for both rectangular and 
circular solid sections. I = the length of the column, and 
d = the least diameter of the column. 

Applying the first method to the column of the last 
example, taking the length to be 20 times its effective 
diameter, sa}- 30 feet. 




= ooo; 1 -G — f 


30 X 12 
18 x25 > 


400 lb.. 


instead of 500 as allowed for in the given example ; 
a reduction of 20 per cent, for an extension of 33J per 
cent, in the length of the column. Then for this length 
the column would carry 200 000 lb. instead of 250 000 lb. 
if under 15 diameters long. 

By the second method, assuming both ends fixed, the 
permissible load would be 


250 000 


1 + 


1 X 30 X 30 

2 500 X 1 


215 517 lb. 


Example XXXVII. — Determine the load for a column 20 
feet high, 14 inches square, fixed both ends and re- 
inforced with 4 rods IJ inch square. 

The load for a column less than 15 diameters high 

p 
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equals c (A + 14 AJ. As this column is more than 15 
diameters high, the load for a short column of this 
section, applying Gordon’s Formula, must be divided by' 

k 

the co-efficient 1 -I- — -y- ■ 

u dr- 


Hence W - ^ (A-H4 A.) ^ 500 ( 142 -f 14 X 4 X 1 -252) 
^ ^ , 1 x2402 


u 


2 500 X 1 42 


141 750 
1-117 


126 840 lb. 


Working this case with a reduction of the permissible 
stress by the formula, 


c' — c 


1-6 


25fif 


7 


proceed as follows 
c' =.500 



20 X 12 ] 
25 X 14^ 


457 lb. 


Then W = 457 (142 + 14 x 6-25) = 129 560 lb. 
A difference in the two methods of 2 720 lb. 


Example XXXVIII. — Design a column with foundations 
to support a load 100 000 lb. The height above the 
foundation slab to be 15 feet, and the soil capable 
of supporting 4 000 lb. per square foot. 

This case may be worked in two way^s : (1) By taking 
a trial section and finding the necessary reinforcement. 
(2) By deciding on a suitable percentage of reinforcement 
and finding the section of both concrete and steel. 

By No. 1. — ^Assuming circumstances will admit of the 
effective diameter being at least one-fifteenth of its 
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length, we may take it as 12 inches square ; allowing 1^ 
inch cover the full diameter will be 15 inches. 

The column is to carry 100 000 lb., so to this must be 
added the weight of the column itself, which will be 
Ijxljx 15x150 lb. = 3 516 lb. Therefore, the total 
load to be carried will be 3 516 + 100 000 = 103 516 lb. 

By the formula given in Example XXXIV., 

W= c (A + 14 Ae) or A r + 14 Ae c. 

Then W — Ar = 14 Ac c. 


Hence Ac 


W— Ac 103 516— 12x12x500 
14 c 14x500 


saj'' 4J square inches, 4 bars IJ inch square, or 8 bars 
f inch square. 

If the column is less in diameter than one-fifteenth of 
its length, Gordon’s formula (see page 209) should be 
incorporated, the equation then becomes: — 


W 


Ac=- 


1 + ^) 

u d-f 


A c 


14 f 


By method 2, the sectional area of steel may be taken 
from 0-5 per cent, to 8 per cent, of the sectional area of 
the column. We then get p A. to replace A^ in the 
equation, where p equals the ratio of steel to concrete. 
The equation then becomes : — 

W = A c + 14 p A c,OT Ac (1+14^). 

In this case, taking ^ as 5 per cent., we get : W , 
including weight of column, = A 500 (1+14 x0‘05). 


therefore A = 


103 516 

500 (1 + 14x0-05) 


122 square inches. 


Then the side of a square column will be V 122, 
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say 11 inches. Ac = 5 per cent, of A, =0-05 x 122 = G-1 
square inches. 

The size of the foundation slab to cover sufficient soil 
to reduce the pressure to the safe load for the soil will 
be the total load, including that of the column and slab, 
divided b 5 ^ the safe load for the soil. 

As the dimensions of the slab are not known, its 
approximate weight can be allowed for, as in the above 
equation for the column itself ; the result can be ad- 
justed if the allowance is found to vaxy much from 
the actual amount. 

The column and load equals 103 516 lb., allowing 5 000 
lb. for the slab, the total load will be 103 516-1-5 000 = 
108 516 lb. The safe load for the soil equals 4 000 lb. 
per square foot, hence the area equals 

^ 27 T 2 square feet, 

4 000 ^ 

say 5 feet 3 inches square. 

In deciding upon the thickness of the slab we have to 
consider the area of concrete required to resist the 
tendency of the column to shear through ; also the 
amount required to resist the compression from the 
bending moment of the upward reaction of the soil. 

The thickness for the bending moment may be deter- 
mined first, then if found to be insufficient to take the 
shear it can be increased, or reinforcement used to take 
up the excess shear. 

To obtain the thickness the greatest bending moment 
must be determined. This will take effect around the 
edge of the column base, and will equal the reaction of 
the soil, under the portion outside the column base, 
multiplied b}’ the average leverage. Each side of the 
slab can be considered a cantilever fixed at the edge of 
the column base, as the stress each side will be equal 
only one side need be considered . The average reaction 
of the soil, or the pressure from the slab, is 4 000 lb. per 
square foot. By referring to Fig. 103 the bending 
moment along the line A B may be taken as that of the 
reaction of the soil under the portion A B C D, and will 
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equal all the area of that portion multiplied by 4 000 lb., 
and then by the distance of the center of gravity of the 
figure A B C D from the line A B, this distance is obtained 
in an easy manner by making A F and B E equal, D C 
and D G and C H equal A B, the diagonals will intersect 
at the center of gravity. This distance can also be 
obtained by the following formula : — 



I’tG. 103. 

Let A B = rt, C D = Z), and the projection of the slab =c 
Then the distance of the center of gravity from the line 
A B, will equal 

C {ci “1”^ 

which, for the base of the column at 12 inches, equals 

15-64 inches. 

3(12+63) 

The reaction of the soil equals 

+ ^ X — X 4 000 = 26 562 lb. 

2 12 

Then M equals 26 562 x 15-64 = 415 130 inch-lb. 
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The formulas for beams will now apply ; therefore, 


d = 


I M 
\95 b’ 


the width of the slab at the column base equals b = 
12 inches, then 

415 130 _ 

95 xl2 

say 19 inches, or a full thickness of 21 inches, a = pbd =, 
0-006 75 X 12 X 19 = 1-54 square inches. Say 7 bars 
- i inch square spaced across the whole width. 

The slab need not be 21 inches thick throughout, it 
can be reduced to 12 inches, as shown by Fig. 104. 

The area of concrete 
resisting the tendency 
of the column to shear 
^ through the slab equals 
fi- the perimeter of the base 
of the column multiplied 
by the thickness of the 
— slab ; this should be suf- 
ficient to take at least 
half the shear, the re- 
mainder being resisted b 3 " the reinforcement. The total 
shear equals the total reaction of the soil less the portion 
directly under the column base, it will therefore be, 
108 516 — 4 000x1, say 104 500 lb. The amount the 
concrete wdll take at 60 lb. per square inch equals 4x12 
X 19x60 = 54 720 lb. The balance for reinforcement 
equals 104 500 — 54 720 = 49 780 lb., which must be 
provided for by reinforcement, or by increasing the 
depth of the slab, or hy increasing the width of the base 
of the column to give it a larger perimeter, thus increasing 
the punching shear area. 

The width of the column base to provide sufficient 
concrete to take all the shear can be determined as 
follows : — ^The shear reaction equals 104 500 lb., this 
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divided by the allowable unit shear multiplied by the 
thickness of the slab will equal the perimeter of the base, 
which divided by four will give the diameter. The 
diameter of the base will therefore equal 

104 500 
00 X 19 x4’ 


say 23 inches, as shown in Fig. 10.5. With this increased 
base the reinforcement in the slab can be reduced, as 
the lever arm for the ^bending moment will be short- 
“ened. 

For the 19 inch slab and 
the 12 inch column base, 
the balance of shear around 
the column base to be 
taken b}’’ reinforcement is 
already found to be 49 780 
lb. Using stirrups inclined 
at 45 degrees the area of 

S 

steel required equals- 


49 780 


= 2*2 square 


byi- 



1-414 X 16 000 

• inches . Saj- 3 stirrups each 
side, out of J inch 
inch flat steel. 

If a thinner foundation slab is desirable it can be 
designed in a similar manner to a doubly reinforced beam, 
as follows : — Spreading the column base to 1 8 inches , and 
limiting the depth to, say 12 inches, we have a case in 
which the concrete is less than that required for the 
economic section ; therefore, double reinforcement will 
be necessary. The tension rods can be designed b 3 ' the 
formula 



a = 
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and the compression rods by the formula 
. _ 3 (2 ^ <2 — c b n) 


(see page 118). The bending moment will not be the 
same as for the thicker slab as the projection is less ; 
using the formula as before, the lever arm 


c {a +2 b) 
3 («+i) 


22-3(18 +2x63) 
3 (18+63) 


= 13J inches. 


The reaction of the soil equals 

•^'~'> + l- X 1 -88 X 4 000 = 2.3 380 lb. 
o 


Then M = 25 380 x 13 J =338 400 inch-lb. Taking the 
effective depth as 10^ inches, then for stresses of 600 and 
16 000, n =0-36 x 10^ --=3-78 inches ; hence. 


a = 

16 000 


338 400 



3-78 \ 
3 / 


= 2-28 square inches. 


Ac 


3(2x16 000x2-28 — 600x18 x 3-78) 
4 X 600 X 15 


2-68 square 


inches, which must not be placed further from the surface 
than ^ n (see page 117). This reinforcement is for the 
width of 18 inches ; we may therefore say, for the ten- 
sion reinforcement, | inch square rods at 7 inch centers, 
and for the compressive reinforcement, | inch at 8 inch 
centers. 

For the 12 inch slab and the 18 inch base the concrete 
will take 18x4x12x60= 51 840 lb. shear, stirrups are 
required for the remainder. Hence the area of steel 
required equals 


104 500— 51 840 


2-33 square inches. 


1-414 X 16 000 
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The same stirrups as for the thick slab will do, arranged 
as shown in Fig. 105. 

Theoretically the bars can be reduced towards the 
edges of the slab, as the bend- 
ing moment diminishes as the 
ordinates of the parabolic 
diagram, Fig. 105, but to 
guard against workmen’s pos- 
sible errors in placing the bars 
is is advisable to keep them 
all the same size and distance 
apart, and placed at right 
angles. Alternate bars, how- 
ever, need not run more than 
half-way across from the 
column base to the outside of the slab, as shown in Fig. 
106. 



HOOPED COLUMNS. 

The strength of columns with simple binding has been 
considered, the binding being spaced at a distance 
sufficient to prevent buckling of the vertical reinforce- 
ment. If the spacing of the binding is not more than 
0-6 of the diameter of the column within the binding, 
it will also prevent the lateral expansion of the concrete, 
and thus increase its strength. The amount of increase 
depends upon (A) the arrangement of the vertical 
rods, whether in the form of a rectangle or a circle ; 
(B) the form of the binding, whether horizontal hoops 
or spirals ; (C) the ratio of volume of binding to volume 
of concrete within the binding. 

Numerous tests have shown that the compressive 
strength of columns is increased from 500 to 1 000 lb. 
per square inch for each percentage of hooping employed. 
Considere and other authorities have shown the hooping 
to be equivalent to as much as 2-4 times the same quan- 
tity of longitudinal steel. 

According to the report of the Royal Institute of 
British Architect’s Joint Committee on Reinforced 
Concrete, there is no gain in strength if the distance 
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between the hoops exceeds 0-G d, and the distance should 
not be less than 0-2 d, where d equals the diameter of the 
column within the hoops. The increase of strength due 
to the hooping is given as cf s r, where c = the stress for 
the concrete not hooped ; / = a factor depending on the 
form of binding ; s = a factor depending upon the dis- 
tance apart of the hoops or spirals ; r == the ratio of the 
volume of binding to the volume of concrete within the 

V 

binding, which equals taken for an 3 r portion of the 


length of the column. V* = volume of hooping rein- 
forcement in cubic inches, V = volume of concrete within 
the hooping in cubic inches. 

The volume of curvilinear hooping should never be less 
than 0-5 per cent, of the volume of concrete within the 
hooping. The diameter of rectilinear hooping should 
be not less than ^ inch. 

From the above it follows that the resistance of the 
concrete per square inch equals c plus the increase, it 
will therefore be c+c f s r = c (1 +f s r). 

The above-mentioned report gives the following values 
for /and s where/) =- pitch of the spirals, or the distance 
apart of the hoops , in terms of the diameter : — 


p 

s 

f 

0*2 d 

32 

Spirals = 1 -00 

0-3 d 

24 

Circular hoops = 0-75 

0*4 d 

IG 

Rectilinear hoops = 0*50 

0-5 d 

8 


0-6 d 

\ 

0 



Or s can be obtained from the equation 


s = 


48 — 80 5 . 
a 


The same report also gives the following limits of 
stress to be observed in columns : — 

(A) The stress on the metal reinforcement (i.e., m times 
the stress on the concrete) should not exceed 0-5 
of the yield-point of the metal. 
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(B) Whatever the percentage of the hooping, the 
working stress on the concrete should not exceed 
(0-34 +0-32/) times the ultimate crushing resistance 
of the concrete. 

For rectilinear hooping 0-34 +0-32/ = 0-30 

„ circular „ „ = 0-58 

„ spiral „ „ = 0-66 

From the foregoing, it follows that if the concrete has 
an ultimate resistance of 2 400 lb. per square inch, with 
efficient rectilinear hooping, the working stress may be 
raised from 500 lb. to 1 200 lb. per square inch. With 
circular hooping it may be raised to 1 400 lb. per square 
inch, and with spiral hooping to 1 600 lb. per square inch, 
providing 0-5 of the yield-point of the metal is not ex- 
ceeded. 

The working load for a short column not hooped equals 
c — 1) Ac]. For a hooped column the working 

stress equals c (1 -h/ s r) ; substituting this value for c 
in the equation for columns not hooped, we get for a 
hooped column, 

W = c (1 +/ s r) [A-f (ni— 1) Ac]. 

If the length exceeds 15 times the diameter within the 
hooping, Gordon’s formula must be U'=;ed, as previously 
explained. 

The American Joint Committee on Reinforced Con- 
crete recommend the following : — 

Columns reinforced with not less than 1 per cent., and 
not more than 4 per cent, of longitudinal bars, and with 
circular hoops or spirals not less than 1 per cent, of the 
volume of concrete, a unit stress 55 per cent, higher than 
given for columns reinforced with longitudinal bars onty, 
for which the permissible stress is given as 22 J per cent, 
of the compressive strength of the concrete, provided the 
ratio of unsupported length of column to diameter of 
the hooped core is not more than 10. This report also 
recommends : — 
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(a) That the minimum size of columns to which the 
working stresses may be applied be 12 inches out to out. 

(b) In all cases the longitudinal reinforcement is to be 
assumed to carry its proportion of stress according to the 
moduli of elasticitj'. The hoops or bands are not to be 
counted on directly as adding to the strength of the 
column. 

(c) The total amount of hooping shall not be less than 
1 per cent, of the volume of concrete enclosed. The clear 
spacing of such hooping shall not be greater than one- 
sixth the diameter of the enclosed column and prefer- 
ably not greater than one-tenth, and in no case more than 
2^ inches. Hooping is to be circular, and the ends of 
bands must be united in such a way as to develop their 
full strength. 

(d) The strength of hooped columns depends very 
much upon the ratio of length to diameter of hooped core 
and the strength due to the hooping rapid!}’’ decreases 
as this ratio increases beyond five. The recommenda- 
tions are for a length of not more than ten diameters of 
the hooped core. 

The New York Cit}' Building Code allows an axial 
compression of 500 lb. per square inch on the concrete 
within the hoops or spirals, and 7 500 lb. {m times 500 lb.) 
per square inch on the vertical reinforcement, plus a load 
per square inch on the effective area of the concrete 
equal to twice the percentage of lateral reinforcement 
multiplied by the permissible tensile stress in the rein- 
forcement, for columns having not less than 0-5 per cent, 
nor more than 2 per cent . of hoops or spirals spaced not 
further apart than one-sixth the diameter of the enclosed 
column nor more than 3 inches, and having not less than 
1 per cent, nor more than 4 per cent, of vertical 
reinforcement. 

Cleveland and St. Louis allow?^ 2-4 times the volume 
of hooping to be considered as longitudinal rein- 
forcement. Cincinnati 2-2 times, and Chicago 2-5 
times. The Los Angeles Building Code allows 550 lb 
for unhooped columns and 800 lb. for hooped columns. 
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Example XXXIX. —Determine the working load for a 
short square column reinforced with four 1-inch 
square bars, bound with horizontal hoops of fg 
inch wire placed 4 inches apart ; the diameter inside 
the hoops being 10 inches. 


By the formulas recommended by the R.LB.A. Joint 
Committee, the working load equals 


W = c (l+f s r) [A-f(w — 1) At]. 


Taking c = 500, ;n = 15, A = area of concrete inside 
the hoops, = 100 square inches, Ac - area of longitu- 
dinals = 4 square inches, / (for rectilinear hoops) = (t-5, 

s = 48 — 80 p = 4 inches, and = 10 inches ; 


p * 

hence 0*4; therefore s= 48— SO v 0-4= Ki, as 

given on page 218 ; r = ratio of volume of hooping to 

volume of concrete = As the hoops are 4 inches 

apart the volume of concrete to one hoop equals 10x10 
X 4 = 400, the volume of one hoop equals area multiplied 
by the length, = x ft x 10 x 4 ■= 1 -4 : 


hence r = i-i = 0-0035. 

400 

Filling in the values we get : — 

W = 500 (1 -f 0-5 X 10 X 0-0035) (KM) - 14 ■ 4) = 

500 X 1-028 X 150= 80 1S4 lb. 

If the column is not hooped, 

W = c (A -1-14 Ac) = 500 (100 -f 14 x 4) = 78000 1b. 

We therefore gain 2 184 lb. by using inch hoops 
4 inches apart. There would be a greater gain if 
we place the hoops 3 inches apart, or use thicker 
wire. 
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Example XL. —Compare the working load, determined by 
the R.I.B.A. recommendations, and the New York 
Building Code requirements, for a circular column 
reinforced with eight f inch round rods, with spiral 
binding at 3 inch pitch out of J inch square wire ; 
the diameter within the binding equals 1 5 inches . 


BY THE R.I.B.A. RECOMMENDATIONS. 

W = c (1 +/s r) [A+(w — 1) Ae]. c = 500 ; m = 15 ; 
A= 15 x15 x0*785 4 = 176*7; Ac = 8 x0-75 x0*75 x 

0*785 4 = 3*534 ; /= 1; s = 48 — 80 -I, ^=3; d ^ 15; 


SOxft = 32. 

taking the volume for one revolution of the 
V= 1.5 x15x0*785 4 x3 = 530. 


hence s = 48 

r= ^ 

V 

binding, 


V* = sectional area of the building multiplied by the 
length of one revolution. The latter will equal the 
square root of the sum of the squares of the circumference 
and pitch 

= V(15x3*1416)2 + 32= 47*21 ; 


hence, = 47*21 x0*25x0*25 = 2*95. 

Then r = =0*005 5. 

530 


N ow filling in the values we get ; — 

W = 300 (1 + 1 X 32 X 0*003 5) (176*7 + 14 x 3*53) = 
500 X 1*176 X 226*12= 132 958*56 lb. 


BY THE NEW YORK BUILDING CODE REQUIREMENTS. 

W = c (A-f 14 A) +2 p K 1 500 ; where p equals the 

2*95 

percentage of lateral reinforcement = — = 0*005 57. 

^ 530 

Then W= 500 (176*7 + 14 x3*534)+2 x0*00557 x 176*7 
x7 500 = 127 851 lb. , about 5 100 lb. less than by the 
R.I.BA. rule. 
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Without hooping the working load would be : — 
c (A + 14 Ac) = 500 (176-7 + 14 x3-53) = 113 060 lb. 
By hooping with i inch wire at 3 inch pitch, we therefore 
gain about 19 900 lb. b 3 - one rule and 14 800 lb. by the 
other. 


example XLI. — Deteimine the necessary reinforcement, 
by the same rules as for the last example, for a 
circular column 12 inches diameter, within the 
binding, to carry a load of 120 000 lb. ; the binding 
to consist of hoops of J inch square wire, placed 3 
inches apart. 


BY THE R.I.B..4.. FORMULj^S. 

w = c (1 +/s r) [A+(wi— 1) Ac], 


we get 


W — A c ( 1 +/ s r) 
c (m— 1) (1 +/ s }-)' 


for which W = 120 000 lb. ; A = 12 x 12 x 0-7854 = 113 ; 
c = 500 ; = 15 ; /= 0-75 (see page 2181 I 


5 = 48 — 80 I = 48 — 80 x ,| = 28 ; 


V„ 


r = taking the volume for one hoop , then r equals 


12 X3-1416 xO-25 xO-25 rwi- 

= U*uO/. 

12x12x0-7854x3 

Hence 

^ _ 120 000— 113 x500 (1+0-75 x28 xO-007) 
14x500 (1 +0-75 x28x0-007) 


55 195 
8 029 


6-87 square inches. 


Say 8 round rods 1 ^ inch diameter. 
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BY THE RULES OF THE NEW YORK BUILDING CODE. 

W = c (AH- 14 Ac) H-2 P K 1 500, from which we get : — 
. _ W — (c A-1-2 ^ A 7 500) 

14 c 


120 000— (500x1134-2x0-007x113 x7 500) 
14x500 

= 7-37 square inches. 

Or 0-5 square inch more than by the R.I.B.A. rule. 


Example XLII. — Design the section of a hooped circular 
column to support a load of 200 000 lb., by both the 
R.I.B.A. rules and the New York Building Code. 

In this case we have to determine the area of concrete, 
the vertical reinforcement, and the hooping. 


BY THE R.I.B.A. RULES. 

Area of the vertical rods may be from 0-5 to 10 per 
cent, of the area of concrete. The volume of hooping 
must not be less than 0-5 per cent, of the volume of 
concrete. We may therefore decide on these percentages 
then determine the section b 3 ’ the formula : — 

W =A c [1 H- {m — 1) p] ; 
which, for hooped columns will be 

W = c [1 -l-(w — I)]/* (l+/-sr); 


W 


Hence, A = — ^ ; , 

c\\+{ni — l)p'] (l-h/sr) 

W = 200 0001b. ; c = 500 ; m = 15 ; 5 = 48 — allow- 
ing for hoops at 0-3 d centers, then 5 =- 48 — 80 x 0-3 =24 ; 
/for circular hoops, = 0-75 ; r = , taking the volume 

of hooping as 0-6 per cent, of the volume of concrete, 

0-006 V 


then 


r = 


V 


=0-006. 


Let the area of the vertical rods equal 5 per cent, of the 
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Without hooping the working load would be : — 
c (A + 14 Ac) = 500 (176-7 + 14 X3-53) = 113 060 lb. 
By hooping with i inch wire at 3 inch pitch, we therefore 
gain about 10 900 lb. b}- one rule and 14 800 lb. by the 
other. 


Example XLI. — Deteimine the necessary reinforcement, 
by the same rules as for the last example, for a 
circular column 12 inches diameter, within the 
binding, to carry a load of 120 000 lb. ; the binding 
to consist of hoops of J inch square wire, placed 3 
inches apart. 


BY THE R.I.B..4.. FORMUL.4.S. 

W = c (1 +/s r) [A+(w- 1) Ac], 


we get 


W — A c ( 1 +/ s r) 
c (m — 1) (1 +/ s ?')’ 


for which W = 120 000 lb. ; A = 12 x 12 x 0-7854 = 113 ; 
c = 500 ; m = 15 ; /= 0-75 (see page 218) ; 


s = 48 — 80 I = 48 — 80 x ^ = 28 ; 


V,. 


r = taking the volume for one hoop , then r equals 


12 x3-1416x0-25x0-25 a rwi- 

= 0 - 00 /. 

12 X 12 X 0-7854 X 3 

Hence 

_ 120 000— 113 X500 (1+0-75 x28 xO-007) 
14 X 500 (1 +0-75 X 28 X 0-007) 


55 195 
8 029 


6-87 square inches. 


Say 8 round rods 1 + inch diameter. 
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BY THE NEW YORK BUILDING CODE. 

W - f (A+ 14A.) +2 X 7 500 /.A, With A^. = 0-05 A, and 
p =0-006, we get : — 

W=- c(A + 14x0-O5A)-t-2x0-O06Ax7 500, or 
A (r + 14 xO-05 c+2 xO-006 x7 500). From which 


c + 14 X 0-05 c + 2x0-006 x7 500 

200 000 _ 
r,(M> + 14 X 0-05 X 500+2 X 0-006 X 7 500 

The sarrie as by the R.I.B.A. rules. 

ECCENTRICALLY LOADED COLUMNS. 

When a column is eccentrically loaded, that is, when 
the load is placed so that the center of pressure is not 
over the center of the column, the stress will not be 
uniformly distributed throughout the section, but will 
be greatest at the edge nearest the center of pressure of 
the load. 

A column supporting the end of a single girder, 
although the end may extend across the whole width of 
the column, the deflection, however slight, would cause 
the load to become eccentric ; a column supporting two 
girders which are not in the same straight line or over 
the center of the column, or with the girders on opposite 
sides unequalh' loaded ; a column having a projection, 
or a bracket fixed to the top, upon which the load rests ; 
columns not fixed w-ith their axis perfectly vertical, and 
columns subject to wind pressure or other side thrust, 
should all be treated as eccentrically loaded. In some 
cases the exact eccentricity is difficult, and sometimes 
quite impossible, to determine, as it ■will be affected by 
the deflection of the column and girder, or forces not 
accurately determinable ; for such cases there is no 
formula that can be applied to determine the eccen- 
tricity with sufficient accuracy to be of practical use, 
the designer must use his o'wn discretion in the matter. 
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With concrete columns and girders, however, the deflec- 
tion is so slight that it is usual to ignore it, and determine 
the stress from the load and the loads eccentricity only. 
Should these be so great as to cause one side of the column 
to be in tension, the reinforcement should be designed bv 
an application of the formulas for beams. This is fully 
explained further on. 

For simple cases the maximum and minimum stresses 
are best determined by equating the bending moment 
with the modulus of section, thus : — 


(1) Max. c 


W W y 
A''^ Z 


(2) Min. c = 


W 

A' 


W >- 
Z 


From the above formulas we get ; — 


( 3 ) 


Max. c A' Z 
Z+A'y 


A' = the equivalent concrete section, which equals the 
sectional area of the column plus 14 times the sectional 
area of the steel, y = the eccentricity. Z =- the modulus 
of section, w'hich is the moment of inertia, I, divided by 
the distance of the neutral axis from the extreme edge 
of the section ; A = the equivalent concrete section, it 
equals b d+{m— 1) Ae. 

If Min. c turns out a minus quantity, or if the eccen- 


tricity 



there will be tension in the side 


furthest from the load, which will be the case when the 
stress from the bending moment exceeds the stress from 

the direct thrust, that is, when exceeds W'hen 

Z A 


these are equal there will be no stress on the edge of the 
section furthest from the load, and at the nearest edge 
the stress will be double that from the direct thrust, that 


W - W V . W 

is to say, it will equal 2 — . When is less than — , 


there will be compression throughout the whole section. 
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For a rectangular section not reinforced : the moment 


of inertia 


therefore 


therefore 


Z 


_bd^ 

12 ’ 
bd^ 

12 b di 

, and A' = b d, 

"2 



consequent!}', to avoid tension in a plain square column, 
not reinforced, the eccentricity must not exceed ^ d, or 
we may say that the center of pressure of the load must 
not be nearer the edge of the section than J d, or the far 
side will be in tension. 

With a reinforced rectangular section : I equals the 
moment of inertia of the concrete plus the moment of 
inertia of the steel, it therefore equals 


6 if 3 

— +(m- 


1) A. 



Hence, 


Z =- 


b d^ , 1 \ A / - 

— + (/»- 1) A. 

~d ' 

9 


further simplified, and takings = 15, 

b d^+42 Ac di^ 


Z=- 


6c? 


Where ifi is the diameter from center to center of the rods, 
and b and d the effective diameters of the column. 

For a circular column with the bars arranged to form a 

if^+b6 Ac di^ 


rectangle ; 


Z = 


Sd 
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For a circular column with the bars arranged in a 


circle ; 


Z = 


^■*-1-28 Ac d\- 

8"5 


where d\ is the diameter of the circle, which passes 

7 

through the center of the bars. ^ mav be a trifle 

A 


more or less than ^ d ; the variation will depend on the 
percentage of reinforcement, and the diameter betw^een 
the rods relative to the diameter of the column, as shown 
by the following cases : — 

(1) Taking a square column 12 inches effective diam- 
eter, reinforced with 4 rods, each 1 inch square in section, 
placed at 10 inch centers. 


Being rectangular, 

b ^®-|-42 Ac di- 


Z = 


6 d 


12-‘+42 x4 X 10 xlO 

6irf2 


= 52 1-3. 


K' ^ b d + (m— 1) Ac = 144 + 14 x4 = 200 

Hence ?, = 2-6005 inches. 

A 200 


(2) Taking the same column as No. 1, but placing the 
rods at 8-inch centers, w'e get : — 


Z = 


12'‘+42 x4 x8'-i 

6in2 


= 437 


A' will be the same as for No. 1. 

Hence = 2-1865 inches. 

A' 200 


Z 

In both cases — is greater than ^ d, but if we place the 

A' 

rods closer together -—will become less than d. 

/Li 


In (1) there would be tension if the eccentricity ex- 
ceeded 2-6065 inches. In (2) there w'ould be tension if 
the eccentricity exceeded 2-18 inches. 
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Example XLIII. —Determine the maximum and minimum 
stress in the square column as Fig. 108. It is 
reinforced with 8 round rods of one-inch diameter, 
and supports a total load of 90 000 lb., the center of 
pressure being 3 inches from the axis of the column. 


, , W , W 3; 

Max. c= — + — . 


W = 90 000 lb. 


A' = area of column plus 14 times the area of steel 
= 15x15 4-8x0-7854x14= 313. 

„ bd^-^4:2Acdi^ 


Taking 15 inches as the effective diameter, then 

„ 15x153 4-42x6-28x142 

Z. — — i id / . 

6 X lo 

Then Max. . - + 80 000x3 _ ^ 

did lid/ 


Min.c = = 287 — 237 = 501b. 



Fio. 108. Fig. 109. 


With these values a diagram as Fig. 109 can be drawn, 
from which the stress per square inch at any point 
across the section can be directly scaled. The stress in 
any bar will equal m times the value of the ordinate 
under the bar. 
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Example XLIV. — Determine the load for an lb-inch 
circular column reinforced with 8 round rods 1 J inch 
diameter, the diameter from center to center of the 
rods being 14 inches. The center of pressure of 
the load is 2 inches from the center of the column. 
The stress on the concrete is not to exceed .">00 lb. 
per square inch. The effective diameter can be 
taken as 16 inches. 


From page 227 


\V = 


Max. c A' Z 
Z+K'v ■ 


Area of steel = 9-8 inches, d can be taken as 16 inches, 
A' =• 162x0-7 854 -f 14 X 9-8 = 33«. 

Then 

.7 d* Ac di-i lG-‘-f28 x9-8x 14 X 14 _ 119 318 
^ 8"5 8x16 128 

= 932. 

For a maximum compression of oOU lb. per square inch, 
500 X 338 X 932 


W = 


932 +338 X 2 


97 953 lb. 


Min. c= = xulb. 


A' 


338 


932 


Example XLV. —Taking case No. 1 of page 229. and 
applying a load of 40 000 lb. at the point given 
in that example, we then have a column 12 inches 
square reinforced with four rods 1 inch square at 
10 inch centers, with an eccentric load of 40 000 
lb., the eccentricity being ■2-6065 inches. 

B3' the formula for eccentric loads the stresses in the 
opposite sides equals 

^ 4- . w = 40 000 :y = 2-6065. 

w - Z ’ 

A' and Z are already found, in (1), to be 200 and 521-3 
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respectively. Then the stress in the side nearest the 
load equals 


40 000 , 40 000 x2-6 065 
200 521-3 


200 + 200 


= 400 lb. compression per square inch. 


The stress in the opposite side equals 200 — 200 = 0. 

The stress in the concrete ^^^ll therefore be as shown bj- 
the shaded diagram of Fig. 110. 



It is seldom, if ever, necessary to calculate the stress 
in the rods, as it cannot exceed m times the stress in the 
concrete at the same point ; consequenthq if the con- 
crete is not overstressed, the stress in the steel will be only 
about half its limit. However, if the stress here is re- 
quired it can be determined b3" scaling the ordinate of 
the stress diagram under the rods and multiplying by 
m ; or it can be obtained bj- calculation. Referring to 
Fig. 110, the stress in the rods x equals 15 times the 
ordinate X. 

By calculation, the stress per square inch in the rods 


X equals 


= mc 


where c = maximum compression in the concrete, d = 
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full diameter of the column, e = distance of the rods 
from the face of the column. 

Hence c’ = 15 x400 ^ = 5 .500 lb. 

The stress in the rods on the other side times the 
ordinate X' 

e’ 1 

= m c —■ = 15 X 400 X — 
d 12 

= 500 lb. compression per square inch, 
practically a negligible quantity for steel. 


Example XLVI. — Taking the same case as Example XL\'. 
but appljdng the load 4 inches from the axis. 

As the eccentricity will now be greater than , there 

A 

will be tension in the far side. 


As in Example XLV., 

W 

A^ 


+ 


W’ v- 
Z 


w = 40 000 ; A' = 200 ; Z = 521-3 ; y = 4. 


Hence 

40 000 

c — 

200 


= 200+007 -- 507 lb. compression. 
521-3 ^ 


The stress in the far side 
W Wy 


A' 


= 200 — 30/ = — 10/ lb., tension. 


The stress in the concrete throughout the section will 
be as the shaded diagram Fig. 111. 

The compression per inch in the rods on the side 
nearest the load equals 

b — e 
b ' 


c = me 
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The tension per square inch in the rods on the far side 
equals 


a 

a and b are scaled off the diagram. By calculation, 
when a and b are unknown, 


, m 
^ ~ d 


m 

d 


c d — e{t' +c) 


15 

12 


507 X 12— 1 (107+507) 

= 6837 lb. per square inch. 


t' {d- e')- e' c 


15 

12 


107 (12— 1)— 1 X507 


= 837 lb. per square inch. 



The stress in the steel can also be determined by the 
same formula as that used for the stress in the concrete 
if we alter the value Z and multiply by m. Then the 
stress in the rods equals 


m 


rw + W y] 
.A'- Z' j* 
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We obtain Z ' by substituting di for d in the denominator 
of the formula for Z, thus : — 

y , h d^ A.C d\- 
6 di 


For the case of Example XLVL, 


Then 


A’^-27 


W Wy 


y, 124 + 42 x 4 x 10 x 10 cn- a 

Z. — — = b2o-6. 

6 X 10 


W , Wy] _ „ ("40 000 , 40 000 x 41 
— Id 


625-0 


= 15 (200+255-8) = 6 K37 lb. 


t=m = 15(200— 255-8) = — 837 lb. -tension. 

-A. ^ _j 


Both values are the same as previously found. 

Although it is usual to have the same quantit}' of 
reinforcement in the far side as in the near side of an 
eccentrically loaded column, we see, from the foregoing 
examples, that it is not economical for it to be so, as the 
stress here will always be less than in the near side, and 

Z 

when the eccentricity equals — , there will be practically 

no stress in the steel on the far side. 

The compression and tension determined by the 
formulas in Example XLVL vtII be correct if the con- 
crete is capable of resisting the tension, and there is no 
doubt it will do so within a certain limit. In beams this 
limit is far exceeded, we therefore assume that the 
concrete has no tensional resistance ; but in ordinary 
cases of colunons if there is tension it will seldom exceed 
the safe limit for the concrete, which we may take as 
200 lb. per square inch. If the eccentricity is sufficient 
to cause a greater tensional stress than 200 lb. per square 
inch, the column should be designed in a similar manner 
to a beam. To do this we must first determine the 
value for c and t, for we have a direct thrust and a bending 
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moment to consider ; the direct thrust will cause com- 
pression throughout the section, which must be allowed 
for in fixing the values for c and t in the beam formulas . 
The compression per square inch in the concrete from the 
direct thrust will be 

W 

A-f (m — 1) Ac’ 

and the compression per square inch in the steel will be 

W 

A + (jM — 1 ) A c 


But usually when we require to fix these values the area 
of steel is unknown ; it is therefore usual to consider the 

direct thrust as ^ per square inch for the concrete, and 


w 

m times — for the steel. When this is done it will 
A 

simplify the calculations, and will err slightly on the safe 
side, as it is allowing for a trifle more than really exists. 

Then in the beam formulas c must equal 600 — ^ , 

W 

and t must equal 16 000-f?w-— . (Plus because the 

direct thrust is compression, which must be overcome 
before there will be tension.) 

In most cases we can obtain a more accurate result 
when we determine the direct thrust, if we assume a 
reinforcement, as done in the following example : — 


Example XLVII. — Determine the reinforcement required 
for a column 19 inches square to support a beam 
which transmits a load of 56 000 lb. to the column, 
the center of pressure being 8 inches from the axis 
of the column, as Fig. 112. 


The compression due to the direct thrust equals 
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Allowing for 4 square inches of steel, and an effective 
diameter of 18 inches, we get : — 

Direct thrust equals = 147 lb. per square inch. 

Taking the safe compression for the concrete as COo lb. 


w 



Fig. 112. 

per square inch, we have a balance for the concrete to 
resist the bending moment of GOO — 147 = 453 lb., which 
will be the value for c. The value for t will be the safe 
tension for the steel plus m times the compression due 
to the direct thrust. Therefore t= 16 000 + 15x147 -- 
18 205 lb. 
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As the load acts 8 inches from the axis we have a 
bending moment of 8 W = 8x56 000 = 448 000 lb . 

We may now design the reinforcement as jf it were for 
a beam from the following data : — 

M = 448 000 lb. c = 453 lb. t = 18 205 lb. 

We have here a case where the section of the concrete is 
fixed and the stresses limited, with a given bending 
moment. 

yi 

If we place the compression bars at ^ from the com- 
pression edge, we can determine the area of steel required 
for both the compression and tension by equations 1 to 4, 
pages 117, 1 18. If we place the compression bars in any 
other position, we must use the formulas for designing 
beams with double reinforcement as given in Example 
XI 11. The former method is the easier, and in most 

cases ^ works out at a suitable depth for the compression 

bars. If designed for this position they must not be 
placed nearer to the axis ; if further away, the beam will 
be a trifle stronger. But by either of these methods the 
compression bars might not work out to equal the ten- 
sion bars, while in columns it is usual to make them so, 
although it is not necessary'. If they are required to be 
equal, the most simple way to determine their area is to 
take a trial section, and work out the stresses to determine 
its sufficiency or otherwise. Thus, trying a = Ac = 2 
inches, then by the formulas for beams with double 
reinforcement. 


n 


j2m(ad+Acy) 

1 m{a-^ Ao)'\- 

J b 

^ b J 


m (a-l-Ac) _ 


A- 


2x15(2x16-1-2x2) 

18 




15x4 

18 


15x4 

18 


= 5T inches. 


^ ^ 2M 

6«(rf-|]+2»zAc 
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2 X 448 000 

18x5-1 (l6 — +2x15x2 (IG— 2) 

\ O / 0*1 

. cm(d — n) 493x15(16 — 5-1) i-on-iu 

t = i L = i = lu 80o lb. 

n 5-1 

The concrete is therefore a trifle overstressed, as c 
should not exceed 453 lb. By trying 1^ inch round bars 
the stress in the concrete works out at 440 lb. This 
size must therefore be used. The elevation and section 
will be as Fig. 112. 

Economic Section. —If b or d were not fixed, the eco- 
nomic section for equal reinforcement could be deter- 
mined by the formulas : — 


239 
= 4931b. 


/ ^ / O ^ \ 

^ d\ dl, .77 '6 cb H 

= a = pbd, or a = ^ 

6t — 4 7nc 6 / — 4 w? f 


where 


n _ me 
d t-4-ni c 


For this case, taking c = 453, and / --- 18 205, 


n 1 5 X 453 

d 18 205 + 15x453 


- 0-2 718. 


Then 


M 18 205x0-2 718(3 — 0-2 718) _ ^ ^ 


c b d- 


6x18 205 — 4 X 15 x453 


Assuming b to be fixed, but not d, then 


\ 0-1 


M ^ j 448 000 
645 cb \0-l 645x453 x18 


= ISJ inches. 


a 


5 = 0-2 718 ; 
6 ^ — 4mc » 


therefore^ —0*2 718 d =4*96. 
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Hence 


3 x4r)3 X 18 X4-96 
0x18 205 — 4 x 15x453 


= 1*478 square inches, 


and A, = a. The total area of steel required, therefore, 
equals 2 x 1*478, say 3 inches. 

The compression bars must not be placed further from 

the compression edge than — =1*63 inches. 

The economic section, therefore, requires an effective 
depth of ISJ inches, which by placing the bars l-^ inches 
from the edge, will give the column a full depth of 20 
inches, with a breadth of 18 inches. 

By increasing the depth 2 inches, we would therefore 
require 3 square inches of reinforcement instead of 4*9 
square inches. 


Example XLVIII. —Determine the reinforcement re- 
quired for a column 15 inches square to support a 
load of 25 000 lb., the center of pressure being 6 
inches from the axis of the column. 

This is a case similar to Example XLVII., where the 
section is fixed with the load acting outside the middle 
third ; therefore we must first determine the maximum 
value for c and t. 

Neglecting the direct thrust taken by the bars, which 
in this case will be small, we get : — Compression due to 

the direct thrust , sav 110 per square inch. The 

10X15 

balance to resist bending = c= GOO — 110= 490 lb. 
/ = 16 000 4-15x110 = 17 650 lb. 

We now have to determine the reinforcement, the 
compression bars to equal the tension bars. 

In cases of this description it will simplify matters if 
we know whether the section is more or less than required 
to take the load when the economic percentage of steel 
is added. If it is less, we must determine the correct 
reinforcement as explained for example XLVII. If the 
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concrete is more than required, we can determine the 
reinforcement by the equation, 

M 


We can determine which formula to use by comparing 
the bending moment with the bending moment that the 
economic section would take. The latter equals 


for which 


cbd-^A 

a • at 
(> / i Ml c 


mcd n me 

, or ^ . 

« t-\-nic 


Then 


n 15x490 

d '"17 050 + 15x490 


Allowing I 2 inch cover to the tension rods, d ^ 13*5 
inches. Then the bending moment for the economic 
section equals, 

490 X 15 X 13-52 X 17 050 X 0-2 94 (3 — 0-294 ) _ 

6x17 ()50— 4 X 15 X 490 

inch-lb . 

The bending moment of the column equals the load 
multiplied by the eccentricity =25 000 x 6 = 150 000 

inch-lb. As this is much less than what the economic 
reinforcement will develop, we can determine the actual 
reinforcement by the equation 


M 



- = 0-294 ; therefore n = 0-294 d = 3-97 inches. 
d 


R 
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Then a = ^ - = 0*7 square inches, 

17 650 (i3-5-5|I) 

Ae = (2 = 0-7 square inch. 

It will be noticed that the latter formula is the same 
as used to determine a for beams with single reinforce- 
ment, where the area of concrete is more than required 
to form the economic section, and gives the same value 
for a, whether for single or double reinforcement. From 
this it is obvious that compressive reinforcement is not 
realh’ necessar}', for without it the concrete will not be 
overstressed, and if it is used the stress in the concrete 
will be still further reduced. This statement can be 
proved by taking the present case and working out the 
stresses by the formulas for beams with double rein- 
forcement, taking Ae = a = 0-7, and comparing the 
results with those obtained hy the formulas for beams 
with single reinforcement, taking a = 0-7. Thus, for 
double reinforcement : — 


n 




2m{ad+Acy) •'m (a-]-Ac) 
- _ 


wz (^ci -f-Ac) 

b • 


Taking _y= 1 m, then 


|2 X 15(0-7 X 13-5 -I-0-7X1 -5) , , 

(^15 X l-4\ 

2 15x1-4 

15 

V 15 1 

' 15 


= 3-39. 


c = 


2^1 

b n ( d-'^) +2 7n Ac — 
o J n 


2 X 150 000 

15x3-39f 13*5—^^) +2 x 15 x0-7 ?'' i ^| - ^ — (13-5 —i-S) 

= 390 lb. 
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PILES. 

Reinforced concrete piles are more expensive than 
timber piles, but they have the advantage of being 
practically indestructible, if made of first class material 
and workmanship (see article on sea-w’ater and alkali), 
and the}' can be made to support about twice as much as 
timber piles ; their durability and economy of main- 
tenance also render them far superior to steel piles. 

The methods adopted for the design of reinforced piles 
are practically the same as those described for columns. 
There are several methods of building and reinforcing 
the piles, some are built above ground and others 
in place. Those built above ground ma}"^ be straight or 
tapered and square or circular in cross section, with 
reinforcement consisting of a number of vertical rods 
arranged s^Tcnmetrically around the axis of the pile, the 
whole being bound wdth horizontal or spiral reinforce- 
ment, as in a column. 

If the length of the pile exceeds 20 times its least 
diameter the reinforcement should be increased at the 
center to provide for stresses due to handling, and to 
possible bending, by the pile acting as a long column. 
In the case of friction piles, i.e., those that will depend for 
their support upon the friction of the surrounding soil 
and not from solid material upon which they rest, 
additional reinforcement against bending after being 
driven is not necessary. These piles are concreted 
in horizontal forms, and have a shoe attached. The 
method of driving is practically the same as for timber 
piles, except that a cushion of w'ood, rope, or other 
material is placed on the head to cushion the blow. 

The Raymond System. —The Raymond system of 
concrete piling consists of a collapsible steel core, taper- 
ing from 8 inches at the bottom at the rate of 0-4 inch 
per foot of length, a pile 20 feet long being 1 0 inches in 
diameter at the top. The limit of length for a stjyidard 
pile is 37 feet 6 inches. Over the core is placed a spirally 
reinforced sheet-metal shell, the reinforcement of which 
is grooved into the sheet metal on 3-inch centers the 
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whole length of the core. The combined core and shell 
is driven into the soil to a satisfactory' refusal ; the core 
is then collapsed and withdrawn from the shell which 
is then inspected for bulging or other defects, if found 
perfect, the reinforcement is placed in position and the 
concrete poured. The taper of the shell combined with 
the friction between the shell and surrounding soil con- 
siderably increases the carrying power of the pile. The 
usual load for these piles varies from 2.5 to tons. 



Fig. 114. 


Showing the construction of the 
Spiral Shell of a Raymond Con- 
crete Pile. 


Where Raymond piles are used for vertical loads only 
they are usually not reinforced, but if the surrounding 
soil is of such a nature that it is likely to slip, or if there 
is danger of side thrust, hydro-static head or cantilever 
action on the pile, they are reinforced. 
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Fig. 115. 

A view of the Collapsible Steel Core of a Raymond Concrete Pile, 
ready to be encased in the Spiral Shell, 
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Fig. 118 . 


Reinforcement and Shoe of 
a Coignet Pile. 


Coignet Piles. — Fig. 118 
illustrates a hooped Coignet 
pile ; these have a circular 
section with two flat sides. 
This form of pile is claimed 
by the makers to be the 
easiest to drive, especially 
when required to be driven to 
a great depth ; the flat sides 
are for the purpose of enabling 
them to be more easily guided 
during driving. 

Square Coignet piles are 
generalh’ made in a similar 
manner to circular piles ; but 
four additional bars are some- 
times used, one being placed 
in each corner on the outside 
of the circular reinforcement, 
additional hoops are pro- 
vided for these bars. Fig. 1 1 
shows the completed rein- 
forcement of a Coignet pile, 
with a cast-iron shoe at- 
tached, ready to be placed 
inside the form. Fig. 120 
illustrates the form for one 
of these piles ; the reinforce- 
ment is suspended within the 
form b^' the bolts connecting 
the bands. 

Another type of reinforced 
concrete pile is that known as 
the Chenowith pile ; it is 
made by plastering a woven 
wire fabric with fine concrete 
forming a mat, which is then 
rolled about a mandril into a 
cylindrical form. 
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Fir. 11<». 

Completed Reinforceraent oi a (’.oiiznel Fih*. 



Fig. 120. 

Form for a Coignet Circular Pile. 
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With any method of building reinforced piles in place 
it is necessary to see that great care is taken in arranging, 
placing, and fixing the reinforcement so that it will not 
be displaced by pouring of the concrete, and so that it 
will not interfere with the necessary’- working of the 
concrete to insure absence of voids and maximum 
density. 



Showing various stages of construction of 
MacArthur Concrete Straight Shaft Pile. 



Fig. 122. 

Showing various stages of construction of 
MacArthur Concrete Pedestal Pile. 


Other types of concrete piles are the MacArthur 
Straight Shaft, and the Pedestal Pile. These, however, 
are not reinforced. The construction of both of these is 
similar to that of the Raymond Pile ; consisting of a 
cylindrical shaft of compressed concrete formed by 
driving a steel casing of 14, 16 or 18 inches in diameter, 
with a close fitting core into the ground with a steam- 
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hammer until it indicates the required carrying capacity 
under the Engineering News Formula. The core is then 
withdrawm and the casing filled with concrete, ha^^ng 
a one-inch slump. As the casing is withdra^vn the full 
weight of the core and hammer rests on the concrete to 
compact it and force it into the soil. 

With the pedestal type, after the core is withdrawn a 
suitable charge of concrete is placed in the casing, the 
casing is then pulled up 18 inches to 3 feet, depending on 
soil conditions, the core is then replaced in the casing, "and 
the charge of concrete hammered out until about 6 inches 
remains in the casing ; the core is then withdrawn and 
the casing filled with concrete, having a one-inch slump, 
to a height above the required elevation of top of the 
finished pile . The core is again replaced and the casing with- 
drawn while the core and hammer rests upon the concrete. 

Allowable Loads on Piles. — ^With ordinarj' cases it is 
usual to allow for a load on a reinforced concrete pile up 
to 500 lb. per square inch of section. The building codes 
of most cities allow from 350 to 500 lb. per square inch 
for the concrete plus m times that amount for the vertical 
reinforcement ; which gives the same formula for the 
total load as used in this work for short columns, where 
W = c [A-l-(w— 1) Ac]. For this load, however, the 
pile should be driven to refusal, which is not alwaj’s 
possible, consequently, some other method of computing 
the carrying capacity should be used. The most satis- 
factory way is by applying test loads on piles driven in the 
particular location, then deciding upon a working load 
of about one-third to one-half of the test load when on 
the point of settlement. 

Some engineers allow for a load of 30 tons per pile and 
permits 50 per cent, increase if driven to rock. Others 
use one of the several well known formulas adopted for 
timber piles. The most generally used being that known 
as the Engineering News Formula, which is as follows : — 


(1) For piles driven with a drop hammer. 


W = 


2wh 

7+r- 
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(2) 


For piles driven with a single-acting steam hammer 


W 


2 w h 

^+o-r 


(3) For piles driven with a double-acting steam hammer 

p+0-\ 


W = total working load for the pile in pounds. 
zv = weight of the hammer in pounds. 
h = height of fall of the hammer in feet. 
p = average penetration of the pile in inches under 
the last few blows. 

a = effective area of the piston in square inches. 


SHEET PILES. 

Sheet piles are generally rectangular in section, with 
the edges grooved and tongued ; they are driven 



Fig. 123. 

Conslruetion of a Bulkhead with interlocking sheet piles 75 feet m length 


between guide piles, as in the case of timber or steel 
sheet piles. They are not very heavily reinforced, as 
they are usually required to be driven onlj’ a few feet 
into the ground ; the greatest pressure they have to 
resist is generally that due to the retained earth or water, 
and should therefore be designed in a similar way to 
retaining walls, for which see Part II. 
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LIST OF SYMBOLS USED IN THIS WORK. 

Area of column in square inches. 

: Sectional area of steel in compression, in beams 

and columns. 

Sectional area of steel in shear. 

Sectional area, in square inches, of steel in 
tension. 

Sectional area of steel required to take up the 
excess tension in doubh' reinforced beams. 
Total width of slab, or table of tee beam. 
Breadth of beam. 

Maximum compression per square inch in the 
concrete. 

Maximum compression per square inch in the 
steel. 

Effective depth of slab. 

Effective depth of beam. Diameter of column. 
Diameter of column between rods, 
c Modulus of elasticit\' of concrete, 
s Modulus of elasticity' of steel. 
r Coefficients to reduce the bending moment, or 
load, on slabs. 

Distance of the centre of compression from the 

compression surface in tee beam, and in 

doubly reinforced beams. 

Effective length of beam, slab, or column. 

r, I" Portion of length of beam, slab, or column. 

Greatest bending moment. 

' Bending moment at a given point. 

R Moment of resistance. 

m Ratio of the moduli of elasticity of steel and 

^ E s 
concrete = 

E c 

N A Neutral axis. 

n Distance from compression surface to neutral 

axis. 

Ratio of area of steel to area of concrete = 

TTd 


P 
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R, R' Reactions of supports. 

S Greatest shearing stress. 

Si Shearing stress at a given point, 

s Shearing stress per square inch of section. 

t Maximum tension per square inch in the steel. 

Maximum shear stress per square inch in the 
steel. 

W Total load. 

w Load per foot of length. 

y Distance from compression surface to steel in 

compression. 

O Perimeter of bars. 

cj5 Angle of inclination of shear stirrups . 


FORMULAS AND THEIR DERIVATIONS. 


BEAMS OR SLABS WITH SINGLE REINFORCEMENT. 

^ * c t) yx 

1. Total compression ■ 

2. Total tension = t a 


c b n (^-|) 

3. Moment of compression = 


4. Moment of tension 

5. 

6 . 

7. 

8 . 

9. 


t 

t 

t 

m 

P 


t a 

c vn 



n 


M 

a(d-l) 

c h n 
2 a 


Es 
E c 
a 

Fd 
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10. 

P 

_ c n 

2 t d 

11. 

a 

= p b d 

12. 

a 

11 

13. 


2 M 

c 

1 

il 

14. 

c 

_ t n 

m{d — n 

15. When c and t are definite 

n 

_ m c d 



t+ m c 

This is derived as follows : 

c : t :: n : m Id 

— n 

) 

therefore 

m c (d — n) 

= 

t n 

mod — m c n 

= 

t n 

n (i<+ m c) 

= 

m c d 


hence 


m c d 

= n 

t-\- m c 


16. When or is unknown and the steel is expressed 
in inches. 


^ / 2amd , /a am 


Derived as follows : 

c t \ n m {d — n) therefore c m (d — re) = t n 

Now with the conditions that the total compression and 
tension are equal, we can equate these to determine n. 

Total compression = total tension = t a hence 

Q / /y 

n = but here are two unknowns t and c w'e 

c b 

can, however, replace these with an equivalent for as 



25G PRACTICAL DESIGNING IN REINFORCED CONCRETE 


c m [d — n) = t ^ nij^ — ^ replacing ~ with 


this equivalent the equation becomes 


2 a‘ni {d — n) 


an adfected quadratic, which is solved as follows 
b — 2 a m {d — n) 

\ b = 2 a m d — 2 a m ii 

b + 2 a m n = 2 a in d 

^ . 2 a ni n 2 a m d 


Hence 


, , 2 a nin , / a m 

” + — j- + (— 


2 am d . (a 

b~ V"XJ 


2 am d (a m'^ 

b ^ VT " ) 


am _ / 2 am d (a m\^ 


b V 


/ 2 a m d 
n = / 

V b 


Further simplified, 

^ ^ "sj 2am dh + {in a)^ m a 

h 

17. When / or c is unknown and the steel is expressed 
in terms of the area of concrete, as p, then 

n = d \j\/ 2pm + {p n'lf- — p m] 

This is derived in a similar manner to No. 10, where it 
is shown that 

^2 _ 2 a m {d — n) 
b 
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In this case, however, we have not got a but we know 
its equivalent is. p b d. 

Hence hy substitution we get ; 

^ _ 2 p b dm {d— n) 

b 

Solving the quadratic we get : 

= 2 p cP m — 2 p d ni n 

2 p d m n = 2 p d^ m 

+ 2 p d m n {p d w/)'-2 = 2 p d^ m {p d m)^ 

(n + p d mY = 2 p d^m -\- ip d m)- 
n — "y/ 2 P d^ m -j- p d m)‘~ — p d m 
Hence n = d {j\/ 2pm + [p mY — p 

18. To determine the most economic section of a beam 
or slab, i.e., such that the concrete and steel can at the 
same time be stressed to their maximum allowed values. 

For stone concrete, when c = 600, / ^ 16 000, 

m = 1 5 , and for brick concrete, when c = 500, t = 

1 6 000, m ■= 18. 

M = 0-158 c b d-^ 

d = / M 

V 0-158c^ 


Derived as follows : 


M = the moment of compression = c b n (d—^^''^ 


then 


2M = bcn[d 


and w= ^ ^ Taking c= 600, t= 16 000, m = 15 
t+m c 


then n = ^ = 0-36 

16 000 + 15 X 600 


s 



258 PRACTICAL DESIGNING IN REINFORCED CONCRETE 


Therefore, substituting the value of n in terms of d we 


get : 

— 

/ 0 ‘36 (i \ 

and 

2 M 

= b c X 0-36 d ( d j 

di^d- 

0-36 d 

3 . 

J =- <:/2._o-12 - (1 -- 0-12) d'^ = 0-88 


Then 2 M 0-36 x 0-88 c 

Hence M = 0-158 4 c ^ d'- 

But r in this equation is 600, and 600 x 0-158 4 
= 95 hence M = 95 6 which can be used instead of 
0-158 4 c b d?-. The author has preferred to adopt the 
former throughout this work, it is, however, optional. 


When 

c = 

600, 

t = 

17 000, 

and 

ni = I T) 


M 

0- 

153 c 

b d- or 

92 bd^ 

When 

c = 

650, 

t = 

16 000, 

and 

>71 = IT) 


M 

= 10'; 

Ibd'^ 




When 

c = 

500, 

t = 

15 000, 

and 

7n ^ IT) 


M 

= 0- 

■148 c 

b (P or 

74 b 

cP 


For coke breeze concrete, when 

c = 250, t = 16 000, and m = 30 

M = 0-143 cb d^ OT 36 b cP 


The coefficient oi b dr for any values of c and t can be 
determined in the manner shown above or direct by the 
following formula : — 


coefficient 


m t + 2 w c) 

6 (^ + w cY 


For single reinforced beams greater or smaller than the 
economic section, with c fixed but not t. 


19. 


n 


V 


3 d~\ 

1^ 6 M 

2 _ 

c b 
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%m{d —n) 

1 9 is derived as follows : —The bending moment equals 
the moment of compression, therefore 


cb nid — ^ 


Now M, c, h and d are fixed, we have, therefore, to 

vytr c d 

determine n which we know equals , but for this 

t m c 

case t is unknown ; we can, however, determine n thus ; — 


2M = c b n\^d— y 

6M = c b n d — n). 
'6 d c b n — c b = 6 M. 


Solving the quadratic we get : — 


% d c h n 


Cancelling c and h, — Z d n — = 


— 3 + 


3 dj 

■ 2 J ■ 


= — 


3 dj- 


Zdr 6 M 


Hence 


No. 20 is derived as follows : —The total tension equals 

the total compression ; therefore 

c b n . 

_______ = Z CL m 
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But t is unknown, it, however, equals 

c m {d — n) 
n 

Then by substitution 

chn a cm id — n) 7.2 o \ 

= i ' . c 0 m 2 a c ni [d — n). 

2 n 


Hence 


a = 


c b 

2 c m (d — n) 


b m 

2 m [d — n) 


BEAMS WITH DOUBLE REINFORCEMENT. 

c b fi 

'19. Total compression = — - — + Acc' 

iCi • 

20. Total tension = t a 

21. Moment of compression 



+ Ac c' {d — 


22. By substituting c m — —'j for c', and d — g for 

d~ g and — y we get, 


Moment of compression = 


c {d — g) \b n- -\-2 Kc m {n—y) 


n 


which can be used instead of 21 . 
g is determined by 37. 

23. Moment of tension = at{d — g) 
M 


24. i 


, a{d—g) 
d — n 


25. t = cm 

26, c* = cm 


n 

n — y 
n 
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27. a' = 

excess M 
t {d~ y) 

28. Ac = 

excess M 
c' (d—y) 

CD 

> 

II 

excess 


n~y, 
me •'( 

n 

30. Ac = 

1 1 


When the compression bars are placed at ^ w from the 

t5 


top of the beam. 

22 ^ _ 3 (2 / a — c 6 w) 

4 c w 


, or without t and a. 


K = 


3 2M-cbn{d - 


A c ni ( ^ ~ 3 


33 is derived as follows : — 

Equating compression and tension we get, 

, c b n , . n — V 

t a = — - — + Ac ’ m c ^ . 

2 n 

Ac being placed at - , ^ ^ ~ . 

3 » 3 


Then by substitution, ta = —— + | Ac m c. 


Hence 


2x3i<z=3cA» + 2x2A me. 
2x3^a — Z c b n = A A. me. 

^ _ 3{2ta— cbn) 

4mc 
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34 is derived as follows : — 

Equating the bending moment with the moment of 
compression we get : — 


+ I Ae W C ( 


3 x2M = Zb cnid — 4 Kcm c id — 


Z\2M. — ben id — •rrl =4Acmcf d — r ) . 


Hence 


Ko = 


3 ‘IM—bcnid—'^ 
4mc {d — 


31. c 


bn (d — gj + 2AfW 


n ~ y 


{d — y) 


No. 31 is derived as follows : 

The bending moment equals the moment of compres- 
sion, which is 


ben (d — ^ 


A.C e' {d — y) 03x6. e' = em 


n — y 


then by replacing e ' with this equivalent we get 


2M = cbn[d — +‘2. Ac e m 


n — y 


(d-y) 


= e b n (d — -f- 2 Ac w 


n — y 


id —y) 


Hence 


bnfd-^) +2Acm(^L^) (d-y) 


r 
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32. By substituting d~ g for and d— y 

2M w 

£ = 

{d — ^) [£> m 2 4- 2 Ac min — y)] 

33. Moment of the excess tension = a/t {d — y) 

34. Moment of the compression for the steel = 
Ac c' {d-y) 


_ /2 m {a d-\-Ac y) ^ /m (Ac+a) 2 m{Ac-\-a) 

' ' y/ b ■ b !• b 


36. n = 


_ “i, mb {a d-\-Acy) 4 -[m 2 (Ac 4-(2)2] — m (Ae+a) 

_ 


Nos. 3o and 36 are derived as follows : 
Equating tension and compression we get 


t a = <^b^ _l_ therefore r' .- - - = h n -V 


o 


We have here four unknowns, t, c, n and c' 

We can, however, replace t, c and c' with equivalents 

L = {d - n) ^ cm jn-y) 

c n n 

c' _ ;m (m — y ) 
c n 


The equation then becomes 

2 am{d — n) _ ^ ^ _l_ 2 Ac m {n y) 
n w 

an adfected quadratic which is solved as follows : 

m2 +2 Ac M2 (m — y) = 2 a m (d m) 
b m2 4-2 Ac MI M — 2 AgMi y = 2 am d 2 amn 

bn’i-^-2nm (Ac +a) = 2 m {a d+Acy) 
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^ 2nm{Ac-\-a) ~m {Ac+a)'^ 

b b _ 


2m{ad+Aoy) Vm{Ac+a)~Y 
b b 


m (Ac + a)'l2 _ 2m{ad + Acy) \m{Ae+a)^^ 


Hence 

_ /im {a d + Acy) , [m{Ac + a)']^ m {Ac + a) 

n - ^ I + L b J b 

Further simplified, 

_ ^mb {a d-\- Ac y)+\ni (Ac+a)]^ ~ w (Acd-«) 

^ _ 

2 ^ _ b ^ Ac m y (n — y) 

^ 3 [^) m2 + 2 Ac m (m — j;)] 

Economic section for equal or unequal reinforcement. 
When Ac = a, c = 600, and i = 16 000. 

38. M = 0-2 534 c b d^, or 152 b d^. 

39. — =0-0 108. 

Cb — A me 

AQ. a p b d {p being for the tensile reinforcement 
only, the total proportion = 2 Or 

... 'i cb n 

41. a = 

6 ^ — 4 w c 

is derived as follows : — Equating compression and 
tension we get : 


+ %Kcmc ^ t a. 



But 

therefore 
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Hence 


Ac = d?, 

6 t a. 

3 c b n == & i a — 4 a ni c, 

^ bn 

6 1 — 4m c 


39 is derived as follows a = p b d, therefore 

b d 

Then p equals equation 41, divided b d. 

T T b di^t — 4 me) n 3 c 

Hence p = ^ = - — — 

icon dot — 4 j 7 zc 


38 is derived as follows : — 

M. =t a i^d— ^ = t a but a = 


'i b c n 
6 / — 4 c 


Then by substitution, 
'Z d — n 


Z'cb n t 


M = 


Zt — 4: me 


cbnt{Z d — n) 
G t — 4 m c 


&t — Amc 


Hence 


M = 


6 t — 4m c 



ebd^ d Qt — 4 me* 


How 


n _ m c 
d t -\~m c 


Then for d: =600, / =16 000. ~= 0-36. 



266 PRACTICAL DESIGNING IN REINFORCED CONCRETE 


Substituting these values we get : — 

, , 16 000x0-36 (3 — 0-36) 

M. = cb i - 

6x16 000— 4 x15x600 


0-2 53 1 cbdi. 


Or 152 b d^. 

If we have a value for b, then 

V T^- 


If we have no value for b, w’e can make it some ratio 
of d, such as 0-6 ( 3 ?, then 

/ M 
V 152x0-6 


and b = 0-6 d. For c = 600, and / — 17 000, M - \AA b d^ 
and p — 0-00954. 

For any other values of c and t the value of ^ , can 

cbd'i 

be determined as shown for equation 38, ^ by 39, and a 
by 41. 

If Ac is required to be some other ratio of a, say 0-6 
equation 41 becomes : — 


'^cbn 

a 

6 i — 0-6 X 4 m c 

and Ac == 0-6 a. 

Equation 39 becomes : — 

_ M 3 c 

d 6t — 0-6 x4wc 


(42), 


(43). 


If the section of concrete is fixed, and is more than 
required to give the economic section, the tensile rein- 
forcement can be determined by equation. 



as for beams with single reinforcement. 
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SLABS. 


Factors for Reduction of the Bending Moment, or Load. 


38. / = 


39 r 


0-05 B + 0*4.0 L 
B 

0*95 B — $'•45 L 
B 


or 1 — r 


or 1 — / 


TEE BEAMS. 

When the neutral axis is above the bottom of the slab 
the formulae for rectangular beams will apply. 

When the Neutral Axis is below the Slab. 

40. Total tension = t a 

41. Total compression 

_ bd(. + c1i:£) + 

\ n ' n 

42. Moment of compression 

_ {d— g) c [B D (2 w- D) ^ b {n — D)^] 


g is determined bj' 47 or 48. 

43. Moment of tension = t a {d — g) 


45. c 


a (d— g) 

2 M n 

(d-g) [B D (2 w- D) + b (« - D)^] 


HU, C. — T 

m {a — n) 

47. Neglecting the small compression in the leg, 

3 D n— 2 Da 
* 6 n — 3 D 
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48. Considering the compression in the leg, 

_ B D2 (3 w — 2 D) + i (2 D n) {n — D)2 
^ " 3 [B D (2 « — D) + £) (w — D)2] 


49. 


n = 


/2 m a / 3 ?+D 2 (B — 6) ~m a +D (B — hy 
■\/ b _ b _ 


m a+D (B — b) 
_ 


SHEARING FORMULAE. 


50. s 



51. Adhesive stress per square inch 



n 

3 


52. For vertical stirrups, 

53. For inclined stirrups, A^ 


S 

S 


COLUMNS. 

54. For short columns, W = c (A + 14 Ac) 

55. For short columns, W = A (c + 14 ^ c) 

or A c (1 + 14r />) 

56. For long columns, W = - - If 

1 + 

u 


57. Ac 



14 c 
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ECCENTRICALLY LOADED COLUMNS. 

58. Max c ^ 

W W 3 ; 

o9. Min. c ^ 


60. W 


Z 

Max. c A.^ 7. 
7 y 


61. For a rectangular column, Z 


h + 42 Ac 
6 d 


62. For a circular column, with the bars arranged to 

d-^ + 56 Ac d\^ 


form a rectangle, Z = 


8 d 


63. For a circular column, with the bars arranged in a 
circle, 


d^ + 28 Ac di^ 
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AKEAS OF SQUARE AVD ROUND BARS AND 
CIRCUMFERENCE OF BOUND BARS. 


Thickness 

or 

Diametei 

in 

Inchea 

Area 

of 

■ Bat 
in 

tiq Incbea 

Ar«a 

of 

# Bar 
in 

Sq. Inches 

Circumfei- 
ence of 

O Out 
in 

InclK s 

Thu ktiess 
or 

liiaineter 

in 

Inches 

Area 

of 

H Our 
in 

Sq. inches 

Area 

of 

• liar 
in 

Sq. Inches 

Circunifer- 
eni e of 

O Bar 

In 

Inches 





t 

0*56*>5 

0-441 8 

2*356 2 





is 

0*660 2 

0-518 5 

2-552 6 

A 

0-003 9 

0-0031 

0*1964 

s 

0-765 6 

0-601 3 

2-748 9 


0*008 8 

0*006 9 

0*2945 

iS 

0*878 9 

0-690 3 

2 -915 

h 

0 015 0 

0*0123 

0-392 7 

1 

1-000 0 

0-785 4 

3-141 6 


0*024 4 

0*019 2 

0*490 9 


1-128 9 

0-886 6 

3-338 0 

A 

0.035 2 

0 027 6 

0-5891 

IS 

1*265 6 

0-994 0 

3-534 3 


0*047 9 

0-037 6 

0*687 2 

1* 

1-410 2 

1-107 5 

3-7.50 6 

i 

0 062 5 

0*049 1 

0*785 4 

li 

1-562 S 

1-227 2 

3-927 0 

S®2 

0*079 1 

0*( 62 1 

0*883 6 


1 -722 7 

1-353 0 

4-123 4 

A 

0-097 7 

0 076 7 

0*9818 

If 

1-890 6 

1-484 9 

4-319 7 

can 

0-1182 

0-092 8 

1-079 9 


2-066 4 

1-623 0 

4-516 1 

1 

0*140 6 


1*178 1 

H 

2-250 0 

1-767 1 

4-712 4 


0*1650 

0*129 6 

1*276 3 


2*4414 

1-917 5 

4-908 8 

tV 

0*1914 

0*150 3 

1*374 5 


2-640 6 

2-073 9 

5-10.5 1 

fS 

0*2197 

0*172 6 

1*472 6 

liS 

2-847 7 

2-236 5 

5-3(U 5 

i 


0*196 3 

1*570 8 

JS 

3-062 5 

2-405 3 

5-497 8 

iS 

0**AS2 2 

0*221 7 

1*669 0 

lit 

3-285 2 

2-580 2 

5*694 2 

* 

0-3164 

0*248 5 

1*767 2 

IS 

3-5156 

2-761 2 

5-890 5 


0-352 5 

0-276 9 

1*865 3 

14# 

3-753 9 

2-948 3 

6-086 9 

1 

0-:{90 6 

0-3C6 8 

1*963 5 

2 

4-000 0 

3-1416 

6-283 2 

Si 

0-430 7 

0-338 2 

2-0617 





ii 

0*472 7 

0-371 2 

2-159 9 






0-516 6 

0*405 7 

2-268 0 
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Adhesive stress, li)‘2 
Advantages of concrete, 3 

for sewers, 62 

reinforced concrete, 5 

steel, 5 

Adjustable steel Corms, 27 
Aggregates, 37 

— for fire resistance, 39 
Alkali action on concrete, 51, 54 
American Joint Committee reconi- 

ineiidations for columns, 219 

slab floors, 166 

Analysis of decomposed sewer con- 
crete, 60 

Area for shear, 191 

— of bars, 270 

Arrangement of steel m slal) floors, 
187 

Author’s conclusions on water- 
[iroofing concrete, 72 
Axis diagram, 86 

— of toe-beam, 141 

— position, 83 

Bar areas, 272 
Bars deformed, 67 
Beam design, 80 

Beams for floors, cliecking stresses 
of, 153 

— formulas for single reinforced, 254 
double reinforced, 260 

— singly reinforced, 108 

— larger than economic section, 108 

— smaller than economic section, 

108 

— with double reinforceinonl, 113 
Bending moments, 86 

for cantilevers, 87 

beams, 90 

slabs, 127 

-column foundation, 215 

Brands of cement, 62 
Brick buildings resistance lo earth- 
quakes, 10 
Broken brick, 39 

Building Code requirements for flat 
slab floors, 128 

Cement brands, 62 

— compression, 63 

— expansion,' '63 


Cement fineness, 63 

— specific gravity, 64 

— specifications, 62 

— tension, 64 

— testing, 64 

— time of setting, 63 

Center of compression m beam, 80 

tension in beam, 80 

Checking stresses in single rein- 
forced beams, 105 
— . — — double reinforced beams, 
121 

floor beams, 153 

Cbenowith piles, 24 

Chuting concrete. 40 

Circumference of round bars, 270 

Clinker, 39 

Coignet piles, 248 

Coke-breeze, 39 

Columns, 204 

— . considerations in designing, 205 
• — diagram of stresses m, 232, 234 

— eccentrically loaded, 22b 

— , economic section lor i‘ccentric 
load, 239 

— , effective diameter of, 205 

— formulas, 268, 269 

— — , for long, 208 
hooped, 217 

— illustrations of eccentrically 

loaded, 237 

— jointing rods tor, 206 

— limiting stress for, 205 

— percentage of reinforcement 

loaded, 205 

— recommendations of American 

Joint Committee for, 219 

(Chicago Building Code for, 

220 

Cincmnatf Building Code 

for, 220 

Clevelanii Building Code 

for, 220 

Los Angeles Budding Code 

for, 220 

New York Building Code 

for, 220 

Royal Institute of British 

Architects for, 217 

St. Louis Building Code 

Architects for, 220 
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Columns, spacing of Inntling wire, 
204 

Composition for waterproofing, 08 
Compression reinforcement, 07 
Concrete advantages and disad- 
vantages, 3 
for sewers, 62 

— and steel combined, 5 
— , alkali action on, 54 

— 5 cause of permeability, 69 

— chuting, 40, 

— crushing strength, 38 

— density, 39 

— decomposition, 30 

— deterioration, 40 

— effect of sewage on, 53 
sewer gases on, 53 

— electrolytic resistance of, 3 

— expansion, 18 

— floor collapse, 36 

— freezing, 36 

— how to continue work, 35 

— in sea-water, 43, 45 

— laitance, 43 

— materials, 37 

— mixers, 31 

— mixing of, 30 

— mixtures, 37 

— prevention of alkali action on, 52 

— properties of, 1 

— protection of, 31 
in sea -water, 47 

— ratio, 84 

— , size and proportion of aggre- 
gate, 30 

— slump test, 33 

— tension strength, 74 

— testing, 37 

— , void filling substances for, 70 
Condition of sand, 37 
Construction care, 21 
Corrosion in sea-water, 48 

— of steel, 39, 43 

Cracking, cause of concrete, 48 
Crystaline limestone, 37 
Cubes and cube roots, 271 

Damage of concrete by earthquake, 
7 

fire, 18 

Data for designing, 74 
Decomposition of concrete sewers, 
58 

— ' — Chicago sewer, 59 

Manitoba sewer, 58 

— , methods to prevent, 52 
Deformed bars, 67 

— bar resistance, 193 
Density, object of, 39 
Depositing concrete, 30 


Designing and construction care, 21 

— beams wdtli double reinforce- 

ment, 113 

— columns, 204 

— concrete jules, 244 

— data, 74 

— principles, 75 

Deterioration of concrete in sea- 
water. Diagrams, see illustra- 
tions 46, 47, 49, 50. 
Disadvantages of concrete, 3 
Distribution of shear members, 198 
Double reinforcement, 119 

— reinforced beam, how to check, 

121 

formulas, 260 

Durability of steel, 4 

Earthquake, cause of damage by, 

— damage in Japan, 7 

Santa Barbara, California, 

13 

— , how' to secure resistance to. 13 

— proof steel buildings, 18 

— resistance of brick buildings, 10, 

13 

steel frame buildings, 7 

reinforced concrete build- 
ings, 7 

— report of Tokyo building depart- 

ment, 7 

Eccentrically loaded columns, 226, 
237 

Economic section for double rein- 
forcement, 119 

single reinforcement, 85, 

103 

eccentrically loaded col- 
umns. 239 
Economy factors, 75 
Edison plant fire damage, 19 
Electric current effect on sea-water 
concrete, 43 

Electrolytic resistance, 3, 48 
Elasticity, 49 

Engineering news, formulas for 
piles, 251 

Estimating loads, 73 
Examination of sea-water concrete, 
43 

Examples of calculations : — 

I. Determination of steel to develop 

certain stresses, 95 

II. for brick or limestone 

concrete beam, 96 

III. and load for a beam 

of given size, 96 

IV. load for a beam of given 

size, 98 
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Examples of calculations : — 

V. Determination of distributed 

load for a granite concrete 
beam, 100 

VI. Comparison of granite and 

brick concrete beams, 101 

VII. Designing a beam for a dis- 

tributed load of 500 lb. per 
lineal foot, 103 

VIII. of 18,000 

lb., 104 

IX. Determining the stresses in a 

loaded beam, 106 

X. dimensions of a cantilever, 

107 

XI. steel for a singly rein- 

forced beam to carry 25,000 
lb., 110 

XII. — re- 

sist a bending moment of 
700,000 inch lb., Ill 

XIII. Designing a doubly reinforced 
beam, 114 

XIV. Determination of steel for 
a doubly reinforced beam, 118 

XV. Designing a beam with double 

and equal reinforcement, 120 

XVI. Checking a doubly reinforced 
beam, 122 

XVII. Determination of load for 
reinforced beam, 123 

XVIII. Safe load for a granite 
concrete slab, 128 
XIX Designing a floor to carry 
160 lb. per sq. foot, 131 

XX. Comparing the strength coke- 

breeze and granite concrete 
slabs, 133 

XXI. Designing a rib and tile floor 
slab, 137 

XXII Determination of dimen- 
sions for a rib and slab floor 
to carry 100 lb. per sq. ft., 
139 

XXIII. Determination of load for a 
tee-beam, 143 

XXIV. 24 feet 

span, 145 

XXV. Designing a floor 60 feet by 
20 feet, 147 

XXVI. warehouse floor, 149 

XXVII. four-way flat slab 

floor, 178 

XXVIII. two-way flat slab 

floor, 181- 

XXIX. to 

comply with Chicago and 
Los Angeles Building Codes, 
185 

XXX. Use of shear formulas, 194 


Examples of Calculations : — 

XXXI. Determination of shear and 
adhesive stress in a beam, 
195 

XXXII. stresses m a beam 

floor, 196 

XXXIII. Shear stresses in a doubly 
reinforced beam, 200 
XXXIV. Determination of load for 
a circular column, 206 
XXXV. Determining diameter of 
a square column to support 
200,000 lb., 207 

XXXVI. column with 

4 i)er cent, reinforcement, 
208 

XXXVII. — the load for a long 
column, 209 

XXXVIII Designing a column and 
its foundation, 210 
XXXIX. Determining the load for 
a square hooped column, 221 
XL. Comparing the loail for a 
hooped column by R.I.B.A. 
rules and New York building 
code, 222 

XL I. Determining the reinforcement 
for a circular hooped column 
by the R.I.B.A rules and 
New York building code, 223 

XLIl. section of a hooped 

circular column by the 
R.I B A. rules and New York 
building code, 224 
XLIII. stresses in an eccen- 

trically loaded square column 
230 

XL IV. load for an eccentric- 

allv loaded circular column, 
23 i 

XLV. stresses in an eccen- 

trically loaded column, 231 

XLVL 233 

XLV 1 1 reinforcement for a 

column with an eccentric 
beam load, 236 

XLVIII. an eccentric- 

ally loaded column, 240 
Economic section for beams, 119 
Expansion of cement, 63 

concrete, IS 

steel, 18 

Factors of economy, 75 
Failure of concrete building by 
earthquake, 12 
Fineness of cement, 63 
Fire damage, Edison plant, 19 

investigation, 18 

— resistance, 18 
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Fire resisting advantages, HI 

— resistance of aggregates, 39 

Flat slab floors, 161 
, types of, 162 

. methods of reinforcing, 

163 

, GA.P. Turner’s system, 

163 

Floor beams, checking stresses, 153 

— collapse, 36 

— loads, 73 

— slabs, information for designing, 

67 

— , rib and tile, 135 

— sections, 149 

— , section of slab and tile, 138 
rib slab, 140 

— tee-beam, 140 

Formulas and their denv^ations, 254 

— Engineering News, for piles, 

251 

Forms, adjustable steel, 27 

— construction of wood, 23 

— erection and removal, 22 

— steel, 25 

— time to remove, 29 
Freezing danger, 36 
Frost protection, 35 
Furnace clinker, 38 

Granite, 37 
Gravel, 37 

Hooped columns, 217 

recommendations of American 

Joint Committee, 219 

Chicago Building Code, 

220 

Cincinnati Building 

Code, 220 

Cleveland Building 

Code, 220 

Los Angeles Building 

Code, 220 

New York Building 

Code 220 

Royal Institute British 

Architects, 217 

St. Louis Building 

Code, 220 

Hurricane resistance, 17 
Hydrated lime, 72 
Illustrations and diagrams : — 

— Adjustable column clamps, 29 
steel forms, 28 

shores, 28 

— American Legion Building 

wreckage, 16 

— Apartment building, gutted by 

fire Tokyo, Japan, 19 


llluslrations and <Ua grams — 

— Beam floors, 24, 25 

— Block of concrete to illustrate 

elasticity, 79 

variation of com- 

pression in beams, 83 

— Central Building wreckage, Santa 

Barbara, California, 13 

— Chuting concrete, 41, 42 

— Collapsible steel core of Ra> mond 

Pile, 246 

— Column forms, 26, 27 

— Commercial building, gutted by 

fire, Tokyo, Japan, 20 

— Completed reinforcement of 

Coignet pile, 249 

— Concrete sewer ManiLol)a, Can- 

ada, showing disintegration, 
54, 55, 56, 57 

— Construction of bulkhead with 

concrete sheet piles, 252 
seams in a sea-wall, 44 

— Detroit Towers Apartment, 

Detroit, U.S.A., 0 

— Diagrams of bending moments 

and shear stresses, 87 to 94 

— Diagram illustrating width of 

ice-beam, 141 

showing arrangement of bands 

of stool in floor panel, 182 

(Ufferent arrangements of 

floor beams, 150 

methods of reinforcing 

flat slab floors, 163 

divisions of flat slab floor 

panels, 169, 181 

direction of sheer in a 

beam, 189 

how slabs fracture, 127 

position of shear members 

in a beam, 198, 203 

shear area of a beam, 191 

in a beam, 201 

various stages of plac- 
ing steel in C.A.P, Turner’s 
system of flat slab floors, 
165 

how to determine neutral 

axis of a beam, 86 
— • Eccentrically loaded columns, 
237 

— Effect of consistency on wear of 

a concrete pier, 32 

— Face of a sea-wall showing dis- 

integration, 45 

— Flat-slab floor showing arrange- 

ment of columns, 162 

— Form for a Coignet pile, 249 

— Form strut, 23 

— Form strut footing, 24 
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Illustrations and diagrams . — 

— Foundation slab for column, 

213, 214 

showing arrange- 
ment of bars, 217 

bendinii moment, 

215 

— Frencli Consulate Building 

wreckage ^'okohama, 12 

— Furniture Storage Warehouse, 

Hollywood, California, 4 

— Grand Hotel wrockag(‘, Yoko- 

hama, 11 

— Hooped columns, 217 

— Hotel California wreckage, Santa 

Barbara, California, 13 

— Illustrating various slumps for 

concrete, 34 

— Longitudinal and transverse 

sections of a floor, 149 

— Making slumps of concrete, 153 

— Mitsui Building, Tokyo, Japan, 

8 

— • Parthenon building, Nashvulle, 
Tennessee, U.S.A,, 2 
— • Partition wall in a water tank, 
06 

— Pattern for making form tor 

slump test, 34 

— Pier on the Atlantic Coast, 47 
East Coast Railway, 

Florida, 43 

— Plan and section of flat slab 

floor, 187 

— Pouring concrete into shell of 

Raymond Pile, 247 

— Precast concrete piles in a pier, 

49 

— Railway Viaduct, Richmond, 

England, 243 

— Reinforcement and shoe of a 

Coignet pile, 248 

— Reinforced concrete building, 

Marunouchi, Central Tokyo, 8 

cantilever, 108 

piles Long Beach, Cali- 
fornia, 50 

Warehouse, Iligashikana- 

gawa, Japan, 8 

— Rib floor forms, 27 

— San Marcos building wreckage, 

Santa Barbara, California, 15 

— Section and elev^ation of hooped 

column, 225 
of floor, 136 

— Sections of various floors, 125 

— Section of rib floor, 140 

and tile floor, 138 

square column, 208, 230 

warehouse floor, 155, 161 


Illustrations and diagrams — 

— Showing construction of spiral 

shell of Raymond pile, 245 

various stages of construction 

of MacArthur pile, 250 

— Stresses in columns from eccen- 

tric loads, 230, 232, 234 

— Sumitone warehouse, Tokyo, 

Japan, 9 

— Toe of a sea-wall sho’wing dis- 

integration, 46 

— Withdrawing core of Raymond 

pile, 247 

— Vuraku luiilding, Tokyo, Japan, 

10 

Information for designing floor 
slabs, 67 

Inspecting and testing materials, 
21 

Inv'erted lee-I»eams. 153 
Jointing ol rods, 206 
Laitance, 43 

Lapping reinforcements, 67 
Lime, hydrated, 72 
Limestone, 37 
Loads, estimating, 73 

— for floors, 73 

long columns, 208 

piles, 251 

roofs, 73 

— on supports of slabs, 127 
Logarithms, 272 

Los Angeles building code allow- 
ance for columns. 220 
Liquid washes fur wat(^rproofing,> 
70 

MacArthur piles, 250 
Magnesia m cement, C4 
Main and tee-beam floor sections, 
IGl 

— floor beams. 156 

Manitoba sewer decomposition, 5S 
Materials for concrete, 37 

— working stresses and elasticity 

moduli, 75 

— inspection and testing of, 21 
Mesh reinforcement, 67 
Methods of designing concrete ]»iles, 

244 

Mixers for concrete, 31 
Mixing and depositing concrete, 
30 

— with sea-waler, 45 
Mixtures for concrete, 37 
Moduli ratio, 77 
Moment resistance, 80 
Mushroom flour sy‘^tem, 164, 165 
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Nature of aggregate, 37 
Neutral axis position, SO, 84 
New York building code allowances 
for columns, 220 

Oxidation protection, 38 

Painting reinforcement, 68 
Penetration of sea-water, 45 
Percentage of reinforcement, 77 

m columns, 205 

Permeability, cause of, 69 
Piles, superiority of concrete for, 
244 

— allowable loads for, 257 

— Glienowith system, 248 

— Coignet system, 248 

— Engineering News, formulas for, 

257 

— Mac Arthur types, 250 

— methods of designing, 244 

— Raymond system, 244 

— sheet, 252 
Placing of liars, 65 

shear members, 203 

Plain bar resistance, 193 
Position of neutral axis, 80 
Prevention of alkali action on 

concrete. 52 

Principles of design, 75, 77 
Properties of concrete, 1 
Proportions of aggregate, 30 

slab loads on supports, 128 

steel to concrete, 80 

Protection coatings for water- 
proofing, 70 

— of concrete in sea- water, 47 

— from frost, 35 

— of new work, 35 

Quality of reinforcement, 65 

sand required, 37 

water required, 30 

Railway viaduct, 243 
Ratio of concrete and steel, 84 

moduli of concrete and steel, 

77 

Raymond system of piles, 244 
Reinforced concrete advantages, 5 
care in designing and con- 
struction, 21 

, cause of damage by earth- 
quake, 11 

earthquake resisting, 7 

in sea-water, 48, 50 

railway viaduct, 243 

Reinforcement, 65 

— compressive, 67 
. — lap, 67 


Reinforcement, least diameter of 
rods, 67 

— mesh, 67 

— painting, 68 

— percentage for columns, 205 
beams, 85 

— placing of, 65 

— protection against oxidation, 38 

— quality of, 65 

— strength of, 65 

— welding, 65 

— working stress for, 65 

Report of American Joint Com- 
mittee on slab floors, IGG 
Requirements of various building 
codes for flat slab floors, 177 
Resistance of steel frame bmlclings 
to earthquakes, 9 

— to cartliquakes, 13 

electrolysis, 3 

fire, 1 8 

Rib and tile floors, 135 
Rib slabs, 138 

— slab floor section, 140 

R I.B.A., recommendations Cor 
columns, 217 

Rods, jointing for column, 206 
Rods, least diameter, 67 
Roof loads, 73 

Round bars, circumference of, 271 
Rules for proportioning load on 
slabs^ 128 

Salts in alkali water, 54 
Sand, condition of, 37 
— , quality and size of, 39 

— quantity required, 37 
Sandstone, 37 

Santa Barbara earthquake damage, 
13 

Sea-water concrete, 43 

corrosion of steel in, 48 

effect of electric current 

on, 43 

mixing of, 45 

penetration, 45 

Section of main and tee-beam floor, 
161 

slab and tile floor, 138 

Setting of cement, 63 
Sewage effect on concrete, 53 
Sewer, decomposition of concrete, 
58 

analysis, 60 

Chicago, 59 

— prevention of decomposition, 58 

— ventilation, 61 
Shear area of beam, 191 

— ■ diagram for placing members, 
201 
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Shear members, distribution of, 98 

— stress diagrams, 87, 198 

— stresses, 86 

Shearing force illustration, 181 

— formulas, 268 

— reinforcements, 188 
Sheet piles, 252 

Size of aggregates, 30, 37 
Slabs fixed in walls, 135 
Slab floor building code require- 
ments, 177 

formulas, 254 

Slabs, how they fracture,. 127 

— loads on supports of, 127 

— with ribs, 138 
Slag, 37 

Slump test for concrete, 33 
Spacing of stirrups in floors, 190 
Specifications of cement, 62 
Specific gravity of cement, 64 
Spiral mushroom floor system, 165 
Squares and square roots, 271 
Steel, 4 

— , advantages and disadvantages 
- of, 5 

— and concrete combined, 5 

— arrangement in flat slab floors, 

187 

— corrosion, 39, 43 

— expansion, 18 

— forms, 25, 27 

— frame buildings, earthquake re- 

sistance of, 9 

— ratio, 84 

— strength, 4 

St. Louis building code require- 
ments for columns, 220 
Stirrup spacing in floors, 190 
Strength of concrete, 38 

floors, 126 

reinforcement, 65 

steel, 4 

Stresses in columns, 232, 234 

single reinforced beams, 105 

Stress table for designing beams, 85 
Structural steel buildings, 12 
Substance for filling voids m con- 
crete, 69 

Sulphuric acid in cement, 64 
Symbols, 253 


Table of building code requirements 
for flat slab floors, 177 

logarithms, 272 

stresses for beam designing, 

85 

squares, cubes, square and 

cube roots, 271 
Tee-beam axis, 141 

floors, 140 

floor section, 149 

formulas, 142, 267 

inverted, 153 

section, 161 

Tensional strength of concrete, 74 

Test loads, 74 

Testing concrete, 33, 37 

— materials, 21 

Tokyo earthquake report, 7 

Trap rock, 37 

Turner’s floor system, 164 

Types of flat slab floors, 162 


Unit stresses, 77 


Ventilation of sewers, 61 
Void filling substances for concrete, 
69 


Water, how to determine quantity 
required, 3-3 

— quantity required for concrete, 

30, 38 

— result of excess, 31, 42 
Waterproofing, asphalt or bitumen 

coating for, 71 

— Author’s conclusions on, 72 

— composition, 68 
— , durability of, 71 

— , external treatment for, 70 
— , integral treatment for, 69 
— , liquid washes for, 70 

— methods of applying, 71 
— , protection coating, 70 
Welding of reinforcement, 65 
Wood forms, 23 

Working stress, 75, 38 
of reinforcement, 65 




